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ABSTRACT

Photoionized absorbers of outflowing gas are commonly found in the X-ray spectra of active galactic nuclei (AGN). While most of
these absorbers are seldom significantly variable, some ionized obscurers have been increasingly found to substantially change their
column density on a wide range of time scales. These NH variations are often considered as the signature of the clumpy nature of the
absorbers. Here we present the analysis of a new Neil Gehrels Swift Observatory campaign of the type-1 quasar PG 1114+445, which
was observed to investigate the time evolution of the multiphase outflowing absorbers previously detected in its spectra. The analyzed
dataset consists of 22 observations, with a total exposure of ∼ 90 ks, spanning about 20 months. During the whole campaign, we report
an unusually low flux state with respect to all previous X-ray observations of this quasar. From the analysis of the stacked spectra we
find a fully covering absorber with a column density log(NH/cm−2) = 22.9+0.3

−0.1. This is an order of magnitude higher than the column
density measured in the previous observations. This is either due to a variation of the known absorbers, or by a new one, eclipsing the
X-ray emitting source. We also find a ionization parameter of log(ξ/erg cm s−1) = 1.4+0.6

−0.2. Assuming that the obscuration lasts for the
whole duration of the campaign, i.e. more than 20 months, we estimate the minimum distance of the ionized clump, which is located
at r & 0.5 pc.

Key words. X-rays: galaxies – galaxies: active – quasars: general – quasars: individual: PG 1114+445

1. Introduction

Active galactic nuclei (AGN) are extremely luminous extra-
galactic objects, located at the center of their host galaxies, and
powered by the accretion of matter onto a supermassive black
hole (SMBH). AGN are now considered a major player in shap-
ing their host galaxy during its evolution, since many of its prop-
erties are correlated with the mass of the central SMBH (e.g.,
Ferrarese & Merritt 2000; Häring & Rix 2004; Gaspari et al.
2019). Outflows are one of the main mechanisms by which the
black hole is believed to transport its energy to large distances
(e.g., King & Pounds 2015; Fiore et al. 2017; Cicone et al. 2018;
Laha et al. 2021). Such winds are commonly found in AGN spec-
tra, at many wavelengths (e.g., Gibson et al. 2009; Harrison et al.
2014; Cicone et al. 2014; Vietri et al. 2018).

In the X-ray band, absorption features are the typical sig-
nature of the presence of outflows. Low-ionization absorbers
(log(ξ/erg cm s−1) . 2), characterized by a low outflow velocity
(vout ∼ 100−1000 km s−1), are found in about 65% of soft X-ray
(E . 2 keV) spectra of nearby AGN, and they are often known

? roberto.serafinelli@inaf.it

as warm absorbers (WAs, e.g., Halpern 1984; Blustin et al. 2005;
McKernan et al. 2007; Laha et al. 2014). More than 30% X-ray-
detected AGN show evidence of the presence of ultra-fast out-
flows (UFOs, e.g., Chartas et al. 2002; Pounds et al. 2003b,a;
Braito et al. 2007; Tombesi et al. 2010; Gofford et al. 2013;
Tombesi et al. 2015; Nardini et al. 2015; Ballo et al. 2015). UFOs
are extremely ionized (log(ξ/erg cm s−1) ∼ 3− 6) absorbers, de-
tected as blueshifted absorption lines of Fe XXV and XXVI, with
typical outflow velocity of vout ∼ 0.1c, but capable of reaching
near-relativistic values of ∼ 0.5c (e.g., Reeves et al. 2018; Lumi-
nari et al. 2021).

While UFOs are extremely variable (e.g., Matzeu et al.
2017), variability of soft X-ray ionized absorbers is found less
frequently. In some cases, some sources are found in a state with
diminished X-ray flux, due to an increase of the column density
of the obscuring medium. The absorbers are sometimes found to
be persistent for about a decade (e.g., NGC 5548, Kaastra et al.
2014). In other cases, the obscurer has a much shorter variabil-
ity timescale (e.g., Severgnini et al. 2015; Matzeu et al. 2016;
Mehdipour et al. 2017; Middei et al. 2020). In a few other cases,
a source was found in an higher flux state than its usual one, due
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Observation ID Date Exposure (s)
00011004001 2019-03-08 4909
00011004002 2019-03-08 4978
00011004003 2019-03-15 4258
00011004004 2019-03-15 4475
00011004005 2019-03-29 4249
00011004006 2019-03-30 4750
00011004007 2019-04-29 4957
00011004008 2019-04-29 4821
00011004009 2019-05-06 4313
00011004010 2019-05-06 1920
00011004011 2019-05-21 5152
00011004012 2019-05-21 4874
00011004013 2019-06-21 5070
00011004014 2019-06-21 5151
00011004015 2019-06-28 4404
00011004016 2019-06-28 4849
00011004017 2019-07-13 4051
00011004018 2019-07-13 4527
00089058001 2020-10-26 1804
00011004019 2020-12-06 1855
00011004020 2020-12-08 2453
00011004021 2020-12-08 2795

Table 1. The list of X-ray observations taken by Swift-XRT, with OB-
SID, observation date and exposure.

to a diminished obscuring power of the WA (e.g., Braito et al.
2014). All these cases suggest a clumpy structure for the ionized
and possibly outflowing absorbers around the AGN, which is
predicted by duty-cycle theoretical models such as chaotic cold
accretion (CCA, e.g., Gaspari et al. 2013; Gaspari & Sądowski
2017). Such clumpy material can be part of the multiphase rain
condensing out of the hot halo, which then eventually contributes
to the feeding component, alongside the feedback channel. In-
deed, both feeding and feedback processes are expected to be
tightly self-regulated over the cosmic time and over nine orders
of magnitude in spatial scale (see e.g., Gaspari et al. 2020, for a
review).

The type-1 quasar PG 1114+445 (z = 0.144, Hewett & Wild
2010) has an estimated black hole mass of log(M/M�) ' 8.8 and
bolometric luminosity of log(Lbol/erg s−1) ' 45.7 (Shen et al.
2011). Hence, the source is accreting with an Eddington ratio of
log(Lbol/LEdd) ' −1.14. The source is well known to host multi-
ple absorbers, in both the UV and X-ray bands. An UV observa-
tion taken in 1996 with the Faint Object Spectrograph (FOS) on
board of the Hubble Space Telescope (HST) was able to detect
Lyα and C IV absorption lines in the spectrum of this quasar. For
such lines, an outflowing velocity of ∼ 530 km s−1 was measured
(Mathur et al. 1998). The observation was simultaneous with
an Advance Satellite for Cosmology and Astrophysics (ASCA)
pointing, that highlighted the presence of an ionized WA, and
showed marginal evidence of the presence of an absorption line
at E ∼ 7.3 keV (George et al. 1997). The UV absorption lines
and the X-ray warm absorber have similar ionizations and there-
fore they likely trace the same material (Mathur et al. 1998).

The source was observed again in 2002 with XMM-Newton
(Jansen et al. 2001), revealing that the absorption complex con-
sisted of two WA layers (Ashton et al. 2004; Piconcelli et al.
2005). A further XMM-Newton campaign of 11 observations was
performed in 2010. The data from this campaign, together with a
re-analysis of the 2002 observation (Serafinelli et al. 2019, here-
after Paper I), found that one of the two absorbers has typical

Fig. 1. Swift-XRT count rates in the energy band E = 0.5− 10 keV. The
magenta star represents OBSID 00089058001, that was not part of our
campaign.

WA parameters – i.e. column density NH ' 7.6 × 1021 cm−2,
and ionization parameter log(ξ/erg cm s−1) ' 0.35 with velocity
below the energy resolution – likely associated with the UV ab-
sorber (Mathur et al. 1998). The second absorber shares very
similar parameters with the WA (NH ∼ 3 × 1021 cm−2 and
log(ξ/erg cm s−1) ∼ 0.5), with the exception of the outflow
velocity, which is high enough to be detected with the EPIC
cameras on board XMM-Newton (vout/c = 0.12 ± 0.03). Low-
ionization fast outflows were also found in other sources (e.g.,
Longinotti et al. 2015; Pounds et al. 2016; Reeves et al. 2020).
In addition, a high-ionization UFO (vout/c = 0.15 ± 0.04, con-
sistent with the fast absorber) was found in three spectra. This
evidence led to the interpretation of a UFO pushing and entrain-
ing the host galaxy interstellar medium to a comparable velocity,
producing a so-called entrained ultra-fast outflow (E-UFO, Paper
I).

In this paper we analyze the data taken during a recent Neil
Gehrels Swift Observatory (hereafter Swift) X-Ray Telescope
(XRT, Gehrels et al. 2004) campaign, which was proposed to
study the possible variability of the absorbers found in Paper I,
on timescales from days to months. In Sect. 2 we describe how
the data was prepared for the analysis. In Sect. 3 we analyze
the X-ray amplitude and spectral variability, while in Sect. 4 we
present a detailed spectroscopy of the source. In Sect. 5 we an-
alyze the variability of the X-ray/UV ratio. We summarize and
discuss our results in Sect. 6.

Throughout the paper, we adopt the following cosmology:
Ωm = 0.3, ΩΛ = 0.7, and H0 = 70 km s−1 Mpc−1. All uncertain-
ties are reported at a 90% confidence level.

2. Observations and data reduction

The observations were performed during Swift Cycle 15 (PI:
Serafinelli) from March to July 2019 (OBSID 00011004001
to 00011004018), and then three additional observations were
taken 15 months later, in December 2020 (OBSID 00011004019
to 00011004021). The observations were spaced by 7, 15 and
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Fig. 2. Left panel. Full-band (E = 0.5 − 10 keV) light curve, using ASCA data (blue triangle), XMM-Newton (red squares), our Swift-XRT
campaign (black circles) and additional archival Swift-XRT observation (magenta star). Right panel. The time variability of the hardness ratio
HR=(H − S )/(H + S ), where S and H are the 0.5 − 2 and 2 − 10 keV count rates, respectively, is shown. There is a noticeable hardening of the
spectrum in the most recent data. The count rates of the ASCA and EPIC-pn observations were converted into Swift-XRT count rates following
the procedure described in Sect. 3.

30 days, in order to analyze possible short-time variability
within the campaign. A further archival observation, OBSID
00089058001, not part of our campaign, taken in October 26th
2020, is also considered here. Most observations are about ∼
4 − 5 ks long, with some observations being only ∼ 2 ks long.
The list of Swift-XRT observations is shown in Table 1. The total
exposure time is ∼ 90 ks.

For each Swift-XRT observation, the source and background
spectra were extracted using the HEASOFT task XSELECT. The
source spectrum was extracted from a circular area of 40” ra-
dius around the object, while the background spectrum was ex-
tracted from two source-free circular areas of 40” radius each in
the proximity of the source. Ancillary files were produced us-
ing the XRTMKARF task, while the response was taken from the
HEASOFT CALDB repository.

Each Swift observation provided a UltraViolet and Optical
Telescope (UVOT) pointing, with a single filter, centered on the
source. The source monochromatic flux was measured within
circular apertures of 5” radius, while the background was ex-
tracted from an annulus region, centered on the source, with in-
ternal radius of 15” and external radius of 40”, using the UVOT-
SOURCE task.

3. X-ray variability

The Swift-XRT count rate light curve of PG 1114+445 in the
0.5−10 keV full band is shown in Fig. 1. The average count rate
is ∼ 1.5 × 10−2 cts s−1. We compare the current data set with
archival X-ray pointings from ASCA, taken in 1996 and XMM-
Newton, taken in 2002 and 2010. The products of the ASCA ob-
servation were downloaded from the Tartarus database1 (Turner
et al. 2001), while details on the XMM-Newton data reduction

1 https://heasarc.gsfc.nasa.gov/FTP/asca/data/
tartarus/products/74072000/74072000_gsfc.html

can be found in Paper I. In order to compare data taken with dif-
ferent telescopes, we convert the X-ray count rates into fluxes.
All fluxes are obtained with the web tool WebPIMMS2, adopting
a simple AGN X-ray spectrum, composed by a typical Γ = 1.9
powerlaw (e.g., Corral et al. 2011; Serafinelli et al. 2017), at
the redshift of the source (z = 0.144), with Galactic absorption
(NH,Gal = 1.87 × 1020 cm−2, HI4PI Collaboration et al. 2016).
The full band fluxes as a function of the observation time are
plotted in the left panel of Fig. 2, where an evident decrease of
the X-ray flux can be already identified with a visual inspection.

The possible presence of obscuration can be investigated
by the use of the hardness ratio (HR), which we define as
(H − S )/(H + S ), where S is the count rate in the soft band
(E = 0.5 − 2 keV), and H the count rate in the hard band
(E = 2 − 10 keV). In order to deal with comparable HR, which
are typically different due to the different response of the instru-
ments, we convert all the count rates to the ones of Swift-XRT,
using WebPIMMS and assuming again a simple absorbed Γ = 1.9
powerlaw at z = 0.144, with NH,Gal = 1.87 × 1020 cm−2. As
shown in Fig. 2 (right panel), there is an average hardening of
the spectrum in the Swift-XRT observations, whereas the HR
values during the whole Swift-XRT campaign are roughly con-
sistent within the error bars. During the observation performed
on 26th October 2020, i.e. the magenta point in Figs. 1 and 2 the
flux was higher than during the rest of the 2019-2020 campaign.
However, the HR is still consistent with the value of the other
observations of the Swift campaign. The increased HR with re-
spect to the XMM-Newton observations suggests that the lower
flux state is not due to a change in the primary continuum, but
likely to a variation of the column density of one or more of the
known absorbers found in Paper I.

2 https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/
w3pimms/w3pimms.pl
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Fig. 3. Composite Swift-XRT spectrum (black), with its best-fit model
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Fig. 4. Contour plot for the ionization log ξ and the column density
NH. The red line represents the 1σ confidence level (68%), while the
green and blue lines represent the 2σ (95%) and 3σ (99.7%) confidence
levels. The X marks the best-fit values.

4. X-ray spectral analysis

Given that all Swift-XRT observations have small number of
photon counts, in order to maximize the signal-to-noise ratio
we combine all the observations into a single spectrum using
the HEASOFT task ADDSPEC. We bin the combined spectrum,
which consists of ∼ 1300 net counts, to have at least 10 counts
per energy channel.

All spectral fits are performed using XSPEC v12.10 (Arnaud
1996), adopting a C-statistic, given the low number of photons
for each bin (e.g., Kaastra 2017). We first attempt to fit the com-
bined spectrum with a simple model, consisting in a power-law
component and and an emission line, with Galactic absorption
characterized by a fixed column density NH,Gal = 1.87 × 1020

cm−2 (HI4PI Collaboration et al. 2016): Tbabs × (powerlaw
+ zgauss). The fit results in an unacceptable C-statistic:
C/dof = 229/106, where dof is the degree of freedom, and an
unrealistic photon index, Γ = 0.4 ± 0.1.

Based on previous analyses of PG 1114+445 (George et al.
1997; Ashton et al. 2004; Piconcelli et al. 2005, Paper I), we

include an ionized absorber, using a partial covering model,
ZXIPCF (Reeves et al. 2008). The assumed model is therefore
Tbabs × zxipcf × (powerlaw + zgauss). The addition
of this ionized absorption component significantly improves
the goodness of fit, with a C-stat of C/dof = 106/103. The
best-fit value found for the photon index is Γ = 1.6+0.3

−0.4, which is
consistent with the values measured in Paper I. We find that the
absorber is moderately ionized, log(ξ/erg cm s−1) = 1.4+0.6

−0.2, and
almost fully covering, with covering factor C f = 0.96+0.03

−0.07), with
a column density of NH = 7+5

−1×1022 cm−2. Such value is a factor
of ∼ 10 larger than the column density of any low-ionization
absorber detected in Paper I, confirming that the flux decrease
is mainly due to a column density increase with respect to the
2010 observations. The spectrum, the best-fit model and the
data-to-model residuals are shown in Fig. 3. The confidence
contour plot of the joint errors of the ionization parameter vs
NH is shown in Fig. 4. In particular, the column density is larger
than the NH of any soft X-ray absorber detected in Paper I at 3σ
confidence level.

Parameter Value

log NH (cm−2) 22.9+0.3
−0.1

log ξ (erg cm s−1) 1.4+0.6
−0.2

C f 0.96+0.03
−0.07

Γ 1.6+0.3
−0.4

norm (cts s−1) 3.1+2.2
−1.4 × 10−4

EKα (keV) 6.28 ± 0.08

normKα (cts s−1) 7+4
−3 × 10−6

Cstat/dof 106/103

Table 2. Summary of best-fit parameters for our best model: TBabs
× zxipcf × (powerlaw + zgauss). Errors are given at 90% con-
fidence level.

5. UV variability

The UV observations are provided by the XMM-Newton Opti-
cal Monitor (OM) and by Swift-UVOT. The OM data were re-
trieved from the XMM Serendipitous Ultraviolet Source Survey
(XMM-SUSS, Page et al. 2012). All UVOT filters do not show
evidence of relevant variability between 2010 and 2019-2020
(see Table 3).

We computed the X-ray/UV ratio αox (e.g., Vignali et al.
2003; Vagnetti et al. 2010; Lusso & Risaliti 2016; Chiaraluce
et al. 2018), in order to analyze the relative variability of the X-
ray and UV bands, which is defined as

αox =
log L(2 keV) − log L(2500 Å)

log ν(2 keV) − log ν(2500 Å)
,

Article number, page 4 of 7
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OBSID UV Filter Flux (10−15 erg cm−2 s−1 Å−1)

00011004001 UVM2 4.19 ± 0.07
00011004002 UVW2 5.01 ± 0.07
00011004003 UVM2 4.39 ± 0.07
00011004004 UVW2 4.82 ± 0.07
00011004005 UVM2 4.38 ± 0.07
00011004006 UVW2 5.18 ± 0.08
00011004007 UVM2 3.92 ± 0.06
00011004008 UVW2 4.58 ± 0.07
00011004009 UVM2 3.92 ± 0.06
00011004010 UVW2 4.42 ± 0.08
00011004011 UVM2 3.91 ± 0.06
00011004012 UVW2 4.39 ± 0.07
00011004013 UVM2 4.06 ± 0.07
00011004014 UVW2 4.95 ± 0.07
00011004015 UVM2 4.35 ± 0.07
00011004016 UVW2 5.13 ± 0.08
00011004017 UVM2 4.17 ± 0.07
00011004018 UVW2 4.96 ± 0.07
00089058001 U 3.68 ± 0.06
00011004019 UVW2 5.78 ± 0.10
00011004020 UVW1 4.67 ± 0.08
00011004021 U 3.83 ± 0.06

Table 3. List of flux densities in units of 10−15 erg cm−2 s−1 Å−1 for each
Swift-UVOT pointing. The corresponding UVOT filter is also reported.

where ν(2 keV) and ν(2500 Å) are the frequencies (in Hz) in
the rest frame, corresponding to an energy of 2 keV and a wave-
length of 2500 Å, respectively. The 2 keV luminosity of the XRT
observations was computed using XSPEC. We adopted the best-
fit model (see Sect. 4) and froze every parameter with the excep-
tion of the column density NH of the absorber and the normal-
ization of the power law. We fit each snapshot with this model
to obtain a best-fit model as accurate as possible, and then we
remove the absorption component and use the LUMIN task be-
tween 1.99 and 2.01 keV, from which we derive the intrinsic
X-ray luminosity L(2 keV). Since the UVOT observations were
performed with a single source-centered filter, we compute the
luminosity at 2500 Å interpolating a spectral energy distribu-
tion obtained averaging thousands of Sloan Digital Sky Survey
(SDSS) observations (Richards et al. 2006). We conservatively
compute L(2500 Å) only for those observations performed with
the UVM2 filter, which is centered at ∼ 2250 Å, correspond-
ing to a rest-frame wavelength of ∼ 2510 Å, and therefore close
enough to 2500 Å. The fluxes are finally corrected for reddening
due to the Galactic extintion adopting E(B−V) = 0.0264 (Güver
& Özel 2009).

The result is shown in Fig. 5. The Swift observations lie on
the ensemble trend found by Chiaraluce et al. (2018), which is
represented by a solid line. We note that none of the points lie on
the X-ray weak limit (dashed line), which is set 0.3 dex below
the best-fit line (Pu et al. 2020). This is a further proof that the
low flux state of the source is clearly driven by the obscuration
and not by an intrinsic luminosity change.

6. Summary and discussion

In this work, we have presented the analysis of the Swift obser-
vations of the type-1 quasar PG 1114+445, performed 10 years

Fig. 5. Plot of the αox index versus the UV luminosity, using unabsorbed
X-ray luminosities. The grey points are the quasars analyzed in Chiar-
aluce et al. (2018), with the linear best-fit shown as a solid line. The
dashed line is the X-ray weak limit defined by Pu et al. (2020). The red
squares correspond to the XMM-Newton observations, while the black
points correspond to those performed by Swift.
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Fig. 6. Contour plots between the redshift of the absorber in the ob-
server frame zobs and the ionization parameter log ξ. The red, green and
blue line represent the 1σ (68%), 2σ (95%) and 3σ (99.7%) confidence
levels, respectively.

after the XMM-Newton observations analyzed in Paper I. The
source is found in a strongly reduced flux state (Fig. 2), which
can be ascribed to an absorption increase by an obscuring mate-
rial. Indeed, the spectral analysis highlights the presence of ion-
ized (log ξ/erg cm s−1 ∼ 1.4) material, characterized by a col-
umn density NH ∼ 7 × 1022 cm−2. No substantial variations on
the unabsorbed X-ray luminosity of the source is found.

In Paper I two absorbers were found in the soft X-rays, a
slow and constant WA with NH ∼ 7 × 1021 cm−2, and a mildly-
relativistic absorber, identified with an entrained ultra-fast out-
flow (E-UFO), with variable column density with median value
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Fig. 7. Time variability of the absorber parameters NH (top) and ξ (mid-
dle). For all observations prior to 2019, the black points are referred
to the variable E-UFO, while the constant WA is represented by a red
dashed line. In the lower panel, the light curve of soft X-ray (E = 0.5−2
keV) count rates is shown, where the XMM rates were converted into
Swift-XRT count rates using WebPIMMS.

NH ∼ 3 × 1021 cm−2 and a dispersion of ∼ 6 × 1020 cm−2. Both
these column densites are a factor of 10 smaller than the one
found in this work. If we allow for an outflowing velocity of
this ionized absorber, we obtain that the best-fit value of the red-
shift of the absorber in the observer frame is zobs ∼ 0.09, which
corresponds to vout ∼ 0.05c. However, the low statistic of the
data set does not allow to successfully measure both the ioniza-
tion parameter and the velocity, which are notoriously affected
by degeneracy, as shown by their contour plot in Fig. 6. We note
that lower values of the absorber redshift are allowed at 1σ con-
fidence level, down to zobs ' −0.03 (vout ' 0.16c), consistent
with both the E-UFO and the WA measured in Paper I. In ad-
dition, the ionization parameter can be as low as log ξ . 0.4 at
3σ confidence level, consistent with the E-UFO median value
of 2010. This suggests that Swift-XRT is not able to resolve the
complex structure of the absorbers measured in Paper I, but it
may be hidden by the dominant absorber that we observe in this
campaign.

We can estimate a lower limit for its distance using the equa-
tion by Risaliti et al. (2002):

r ' 4 × 1016 MBH

10M
�

(
n

109 cm−3

t
1 day

NH

5 × 1022 cm−2

)2

cm (1)

' 2 × 1023n2
9 cm,

where MBH ' 6.3×108M� is the black hole mass, n is the density
of the clump (n9 in units of 109 cm−3), NH ' 7 × 1022 cm−2 the
column density of the clump, and t is the duration of the obscura-
tion. We assume here that the obscuration lasts during the whole
campaing, including the times between 2019 and 2020 when the
source was not observed. Therefore, we adopt t & 560 days (rest-
frame) as the duration of the obscuration, which is only a lower
limit since it could last beyond the end of the campaign. The

density of the clump can be replaced by inverting the definition
of ionization parameter:

n =
Lion

r2ξ
, (2)

where Lion ' 1.5 × 1044 erg s−1 is obtained from the unabsorbed
best-fit model, ξ = 25+35

−11 erg cm s−1 is the best-fit value (see Ta-
ble 2). Combining Eq.1 and Eq. 2 we obtain an upper limit for the
density of the obscuring clump n = (2.7±0.5)×106 cm−3, which
means that it is located at least at r = (1.5 ± 0.5) × 1018 cm =
(0.50 ± 0.15) pc = (8 ± 2) × 103rs, where rs = 2GM/c2 is the
Schwarzschild radius. The estimated minimum size of the clump
is therefore R ' NH/n = (6 ± 2) × 10−3 pc.

An estimate of the maximum distance of the cloud from the
central source might be given by noting that the size of the clump
cannot be larger than its distance from the X-ray source. There-
fore we assume NH = nR < nrmax (e.g., Crenshaw & Kraemer
2012; Tombesi et al. 2013). Substituting into the definition of
ionization parameter we obtain

rmax =
Lion

NHξ
. (3)

Assuming again Lion ' 1.5 × 1044 erg s−1, and the best-fit values
of NH and ξ (Table 2), we obtain rmax = 30+40

−13 pc = 5+5
−2 × 105 rs.

The increase of column density is likely due to a new clump
of absorbing material, either due to a superposition of the WA
and the E-UFO observed in Paper I, with an increased column
density NH, or an additional absorber located between the cen-
tral source and the previously known absorber. The values of
the minimum and maximum distance of the clump found in
Eqs. 1 and 3 strongly suggest that the absorbing clumps is lo-
cated outside the typical boundaries of the broad line region for
a quasar of this luminosity. Indeed, we estimate a broad line
region radius of RBLR ' 0.07 pc, considering the luminosity
log(L5100Å/erg s−1) ' 44.77 of PG 1114+445 (Shen et al. 2011),
once the relation between RBLR and L5100Å derived by Bentz et al.
(2009) is assumed. A comparison between the parameters of the
absorber here detected and the ones measured in Paper I is shown
in Fig. 7.

While no strong flux variability is detected between the
Swift-XRT observations, minor variations are present (Figs. 1
and 2) and may be tied to the observed increased clumpiness.
For instance, chaotic cold accretion (CCA) predicts fractal varia-
tions with power spectral density proportional to f −1, where f is
the time frequency. In other words, smaller clumps are expected
to contribute to the micro variations observed in the light curves
(e.g., Gaspari et al. 2017). The distance estimate puts the cloud
at the meso scale in the CCA self-regulation framework (Gaspari
et al. 2020). This is the typical transition scale at which CCA
clouds become more clustered and collide frequently, thus gen-
erating flickering absorbers along the line of sight, starting from
the X-ray/hot phase and potentially down to the radio/molecular
phase (e.g., Tremblay et al. 2018; Rose et al. 2019).

In the last decade many obscuring variable absorbers were
found in the X-ray spectra of nearby AGN (e.g., Markowitz et al.
2014), with timescales ranging from decades (e.g., Kaastra et al.
2014) to months or weeks (e.g., Matzeu et al. 2016; Mehdipour
et al. 2017; Middei et al. 2020) and even days (e.g, Braito et al.
2014; Severgnini et al. 2015). These winds, with velocities than
can be higher than typical WA velocities, are important because
they may carry sufficient kinetic power to contribute to possi-
ble AGN feedback on the host galaxy. It is therefore important
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to continue monitoring these sources and possibly several oth-
ers with current facilities such as Swift or eROSITA (Merloni
et al. 2012), and with future missions such as the enhanced X-
ray Timing and Polarimetry mission (eXTP, Zhang et al. 2019),
XRISM/Xtend (e.g., Yoneyama et al. 2020) or the Athena Wide
Field Imager (WFI, Meidinger et al. 2015) in order to look for
both long-term and transient obscuration from ionized clumps.
In the case of PG 1114+445, given the long-term nature of its
obscuration, a monthly monitoring could help to identify low-
est and highest states, to study them with current X-ray tele-
scopes such as XMM-Newton. In the future, forthcoming mi-
crocalorimeters such as Resolve on board XRISM (XRISM Sci-
ence Team 2020) and Athena/X-IFU (Barret et al. 2016) will be
able to measure the X-ray spectrum with unprecedented energy
resolution, letting us measure the outflow velocity of these ob-
scurers with much higher accuracy, allowing to observe the full
range of absorbers in AGN.
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