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A B S T R A C T 

We present a spectral and temporal analysis of XMM–Newton data from a sample of six galaxies (NGC 3783, Mrk 279, Mrk 766, 
NGC 3227, NGC 7314, and NGC 3516). Using the hardness-ratio curves, we identify time intervals in which clouds are eclipsing 

the central X-ray source in five of the six sources. We detect three occultations in NGC 3227 and one occultation in NGC 3783, 
NGC 7314, and NGC 3516, together with the well-known occultations in Mrk 766. We estimate the physical properties of the 
eclipsing clouds. The derived physical size of the X-ray sources ( ∼(3–28) × 10 

13 cm) is less than that of the eclipsing clouds 
with column densities of ∼10 

22 –10 

23 cm 

−2 , thus a single cloud may block the X-ray source, leading to notorious temporal 
variability of the X-ray flux. The eclipsing clouds in Mrk 766, NGC 3227, NGC 7314, and NGC 3516 with distances from the 
X-ray source of ∼(0.3–3.6) ×10 

4 R g are moving at Keplerian velocities > 1122 km s −1 , typical parameters of broad-line region 

clouds, while the eclipsing cloud in NGC 3783 is likely located in the dusty torus. We also find a good anticorrelation with a 
slope of −187 ± 62 between the known masses of the supermassive black hole in the centre of the galaxies with the equi v alent 
width (EW) of the 6.4 keV Fe line for the five type 1 Seyfert galaxies of our sample, while the type 2 Seyfert galaxy NGC 7314 

shows an average EW value of 100 ± 11 eV inconsistent with the abo v e anticorrelation. 

K ey words: galaxies: acti ve – galaxies: nuclei – X-rays: galaxies. 
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 I N T RO D U C T I O N  

bsorption-dri ven X-ray v ariability detected in acti ve galactic nuclei 
AGNs) has been interpreted as the passage of absorbing clouds, 
cculting the central X-ray source (e.g. Risaliti et al. 2011 ; Torricelli-
iamponi et al. 2014 ). Absorption features are expected in the 
ltraviolet and X-ray spectra when a large cloud or a group of
mall clouds crosses our line of sight (Bianchi et al. 2009 ; Wang
t al. 2012 ). The absorbing clouds seem to have properties (locations
nd scales) similar to those of the emitting clouds of the broad-
ine region (BLR), so the ultraviolet and X-ray absorbing clouds 
ay be the clouds known as the BLR clouds. Strong absorption- 

ri ven v ariability is expected when low ionization absorbers with 
eutral cores are eclipsing the central X-ray source (Gaskell 2009 ; 
isaliti et al. 2011 ). In this case, the iron absorption lines are
hysically associated with the absorber (Risaliti et al. 2011 ). The 
LR, with a size between ∼10 −4 and 0.1 pc (Pietrini, Torricelli-
iamponi & Risaliti 2019 ), is illuminated by the photoionizing 
ontinuum radiation of the AGN, reprocessing it into emission lines 
Gaskell 2009 ). The cloud geometry is unknown, but it is expected to
e irregular. The cloud sizes, determined by different methods, are of
he order of 10 12 –10 14 cm (Risaliti et al. 2011 ; Pietrini et al. 2019 ).
t has been proposed that the BLR gas may be moving on inflowing
r outflowing elliptical trajectories (Williams et al. 2018 ). Khajenabi 
 2015 ) showed that the BLR clouds may be distributed in a disc-like
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onfiguration in AGNs. There is also a hypothesis that the BLR is
ormed by dusty clouds transferred to regions above the plane of the
ccretion disc by radiation pressure (Czerny & Hryniewicz 2011 ). 

The column density N H and the co v ering factor C F of the clouds
ary proportionally during the occultation, so that an increment of 
hese parameters indicates the occurrence of an occultation of the 
-ray source by a cloud (or clouds), which is absorbing/reflecting ra-
iation (Torricelli-Ciamponi et al. 2014 ). Therefore, the absorption- 
riven X-ray variability of the source is interpreted as the change
f the absorbing column density along the line of sight due to
ccultation by clouds in the BLR, with about the same size as the
-ray source (Risaliti et al. 2009 ). It is acceptable to think that

he co v erage time of the source depends on the cloud size and its
 elocity. Occultation ev ents in AGNs together with the geometrical
nd kinematical parameters of eclipsing clouds have been studied 
efore (e.g. Risaliti et al. 2009 , 2011 ; Torricelli-Ciamponi et al.
014 ). 
BLR models describe the geometry and physical conditions in the 

ine-emitting region of AGNs (Elvis 2017 ; Williams et al. 2018 ;
atthews et al. 2020 ). The broad emission lines may originate

n cool clouds ( T ∼ 10 4 –10 5 K; e.g. Mathews & Doane 1990 ;
uncic, Blackman & Rees 1996 ). The cool clouds are considered
agnetically confined and in thermal equilibrium, in order to explain 

heir long survi v al times (Kuncic, Celotti & Rees 1997 ). 
Considering the standard AGN model, it is thought that the 

upermassive black hole (SMBH) is surrounded by an accretion 
isc and a dusty torus, and that the BLR clouds mo v e in Keplerian
rbits inside the dusty torus (Goad, Korista & Ruff 2012 ; M ̈uller &
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Table 1. Observational parameters of the studied galaxies. 

Galaxy Type Distance ObsIDs Exposure time 
(Mpc) ( ×10 3 s) 

NGC 3783 Seyfert 1 41.6 0780860901 115 .0 
0780861001 57 .0 

Mrk 279 Seyfert 1 131.7 0302480401 59 .8 
0302480501 59 .8 
0302480601 38 .2 

Mrk 766 Seyfert 1 64.9 0304030101 95 .5 
0304030301 98 .9 
0304030401 98 .9 

NGC 3227 Seyfert 1 22.4 0782520201 92 .0 
0782520301 74 .0 
0782520401 84 .0 
0782520501 87 .0 

NGC 7314 Seyfert 2 15.8 0725200101 140 .5 
0725200301 132 .1 

NGC 3516 Seyfert 1 38.9 0401210401 52 .2 
0401210501 69 .1 
0401210601 68 .5 
0401211001 68 .6 

R  

t  

o  

o  

b  

i
 

o  

d  

e  

t  

a
 

c  

r  

p  

s  

o  

o  

d  

t  

o  

2  

b  

M  

c  

o  

a  

e  

t  

t  

f  

p  

I  

S  

t  

t  

o  

c  

s

2

T  

S
N  

t  

n  

t  

b  

o
(  

T  

2  

m  

w  

r  

I  

o  

g  

v  

o  

o  

s  

X  

f  

u
 

r  

N  

(  

w
5  

b  

g  

w  

p

3

3

W  

t  

fi  

r  

l  

r  

f  

s
 

l  

1 http:// nxsa.esac.esa.int/ nxsa-web/#search 
2 See ht tps://www.cosmos.esa.int /web/xmm-newton/sas 
3 In this paper, we consider a change in the HR light curve when this change 
is greater than 25 per cent inside the same time interval or there is a change 
in the HR light curves greater than 25 per cent between time intervals. 
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omero 2020 ), while narrow-line region (NLR) clouds are external
o the dusty torus (Netzer 2015 ). In addition, it is expected we only
bserve NLRs towards type 2 Seyfert (Seyfert 2) galaxies as the torus
bscures the BLRs. On the other hand, both NLRs and BLRs would
e observed toward type 1 Seyfert (Seyfert 1) galaxies as the system
s more face-on relative to the observer. 

X-ray variability of the Seyfert 1 galaxies that we will consider in
ur study has been studied by Turner et al. ( 1999 ), who proposed that
ifferences in the mass of the SMBH and the accretion rate could
xplain the X-ray variability in the studied AGNs, but differences in
he physical conditions and geometry of the circumnuclear gas can
lso be invoked to explain the observed X-ray variability. 

This study aims to identify the presence of cloud occultations of the
entral X-ray source in six AGNs (see Table 1 ) by using the hardness-
atio (HR) light curves, as well as to characterize the physical
roperties of the clouds eclipsing the central X-ray source. For our
tudy, we selected five Seyfert 1 galaxies since it is more likely to
bserve BLRs towards this type of galaxies. We have also included
ne Seyfert 2 galaxy (NGC 7314) in our sample to find possible
ifferences in the derived parameters of the Seyfert 1 galaxies with
hose of the Seyfert 2 galaxy. Here, we study the physical properties
f BLR clouds following the methods used by Risaliti et al. ( 2007 ,
011 ). As far as we are aware, these methods have not been used
efore to study BLR clouds of our sample of galaxies, except for
rk 766 (included in our study to check part of our results and for

omparison purposes). Markowitz, Krumpe & Nikutta ( 2014 ) studied
bscuring clouds in NGC 3783 and NGC 3227, proposing that they
re located in the dusty torus, but the method used by Markowitz
t al. ( 2014 ) to constrain obscuring cloud locations is different from
hose used by Risaliti et al. ( 2007 , 2011 ). The objects presented in
his contribution are only a small sample, which will be larger in
uture research. Nevertheless, we suggest the results from this work
rovide important new insight into the AGN obscuring phenomenon.
n Section 2 , we describe the observations and data reduction. In
ection 3 , we present the results of temporal and spectral analysis of

he X-ray data. In Section 4 , we discuss the relation found between
he equi v alent width (EW) of the Fe K α line at 6.4 keV and the mass
NRAS 514, 1535–1547 (2022) 
f the SMBH, as well as the physical properties of the eclipsing
louds. Finally, in Section 5 , we report the conclusions of this
tudy. 

 OBSERVATI ONS  A N D  DATA  R E D U C T I O N  

he XMM–Newton space mission has made many observations of
eyfert galaxies, and a large data base is available through the XMM–
ewton Science Archive. 1 We selected a sample of six galaxies from

his archive with long observations times of at least ∼40 ks, which is
ecessary to see changes in the HR light curves of the galaxies and
hus identify possible occultations of the central X-ray source (see
elow). These galaxies are also selected for our study as the mass
f the SMBHs is known and changes within ∼(1–80) × 10 6 M �
Onken & Peterson 2002 ; Onken et al. 2003 ; Giacch ̀e, Gilli &
itarchuk 2014 ; Piotrovich et al. 2015 ; Emmanoulopoulos et al.
016 ), which will allow us to find possible relations between the
ass of SMBHs with derived parameters. This is a pilot project that
ill be extended to other galaxies with high redshift z, in forthcoming

esearch. The selected data were observed with the European Photon
maging Camera (EPIC) instrument. The Seyfert type, distance,
bservation ID, and the exposure time are given in Table 1 , for each
alaxy. The EPPROC task of the Science Analysis Software 2 ( SAS ,
ersion 19.1.0) was used to run the default pipeline processing, thus
btaining the calibrated event lists. We then used the EVSELECT task
f SAS for filtering the data, as well as for extracting light curves and
pectra toward the central regions of the galaxies. Fig. 1 shows the
-ray emission maps of the six galaxies. We selected a region free

rom contamination sources for the background of each galaxy. We
sed the same radius size of the source for the background regions. 
We have studied the X-ray emission arising in the central circular

egions with a radius of 21 arcsec for NGC 7314, 25 arcsec for
GC 3783, NGC 279, Mrk 766, and 29 arcsec for NGC 3516

see Fig. 1 ). These galaxies are nearby sources with redshifts
ithin 0.004–0.031 and bright with 2–10 keV fluxes within ∼(1–
) × 10 −11 erg cm 

−2 s −1 (see below), so the abo v e source radii can
e adopted for our study. As mentioned abo v e, fiv e of the studied
alaxies are Seyfert 1, so the detection of eclipsing events is expected,
hile the Seyfert 2 galaxy is included in this study for comparative
urposes. 

 ANALYSI S  O F  T H E  X - R AY  DATA  

.1 Temporal analysis 

e show the 1–10 and 6–10 keV flux light curves in Figs 2 –7 for
he observations of the six galaxies included in our study. In these
gures, we also show the HR light curves ( F (6–10)/ F (1–5)), which
eveal time intervals with strong changes in the X-ray radiation,
ikely originating as a consequence of occultations of the central X-
ay source by clouds crossing the line of sight. As mentioned abo v e,
or this analysis we extracted data towards the circular region of the
ix galaxies. 

In Fig. 2 , the time interval 1 shows a strong change 3 in the HR
ight curve in NGC 3783. None of the studied time intervals show

http://nxsa.esac.esa.int/nxsa-web/#search
https://www.cosmos.esa.int/web/xmm-newton/sas
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Figure 1. 1–10 keV band maps of the six AGNs studied in this paper. The black circle shows the region used as background, while the red circle shows the 
region used to extract spectra and light curves for each galaxy. 

Figure 2. The 1–10 and 6–10 keV flux light curves (top panel) and HR 

(bottom panel) of NGC 3783. The time interval 1 showing a change in the 
HR is indicated. 
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Figure 3. The 1–10 and 6–10 keV flux light curves (top panel) and HR 

(bottom panel) of Mrk 279. 
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hanges in the HR curves in Mrk 279 (see Fig. 3 ). The time intervals
–2 reveal strong changes in the HR curves in Mrk 766 (see Fig. 4 ).
e have labelled three time subintervals as SUB-INT 1, SUB-INT 2, 

nd SUB-INT 3 in Fig. 4 , where changes in the HR light curves of
rk 766 are observed. These time intervals were studied in detail 

y Risaliti et al. ( 2011 ). As mentioned abo v e, we included Mrk 766
n our study for verifying part of the results with those of Risaliti
t al. ( 2011 ). The time interv al 1 and time subinterv als SUB-INT 1
nd SUB-INT 2 show variations in the HR light curves in NGC 3227
see Fig. 5 ). For NGC 7314 (see Fig. 6 ), the time subinterval labelled
s SUB-INT 1 shows a change in the HR curve. We notice in Fig. 7
 change in the HR light curve of the time interval 3 in NGC 3516.
n summary, NGC 3783, Mrk 766, NGC 3227, NGC 7314, and
GC 3516 show changes in their HR curves, which could be a

onsequence of occultations of the central X-ray source by orbiting 
louds. The HR changes evidence the possible occurrence of three 
loud occultations in Mrk 766 (already disco v ered by Risaliti et al.
MNRAS 514, 1535–1547 (2022) 
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Figure 4. The 1–10 and 6–10 keV flux light curves (top panel) and HR 

(bottom panel) of Mrk 766. The subintervals 1–3 showing a change in the 
HR are indicated. 

Figure 5. The 1–10 and 6–10 keV flux light curves (top panels) and HR 

(bottom panels) of NGC 3227. The interval 1 and subintervals 1–2 showing 
a change in the HR are indicated. 

Figure 6. The 1–10 and 6–10 keV flux light curves (top panels) and HR 

(bottom panels) of NGC 7314. The subinterval 1 showing a change in the HR 

is indicated. 

Figure 7. The 1–10 and 6–10 keV flux light curves (top panels) and HR 

(bottom panels) of NGC 3516. The time interval 3 showing a change in the 
HR is indicated. 
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011 ) and NGC 3227, and one cloud occultation in NGC 3783, NGC
314, and NGC 3516. 
To see the possible effects of the soft X-ray emission (0.5–

 keV) on the ratio of the light curves, we show in Figs 8 and 9
he F (6–10 keV)/ F (0.7–1 keV) curve and the F (0.7–1 keV)/ F (0.5–
.7 keV) curve. In these figures, we notice that the shape of the
 (6–10 k eV)/ F (0.7–1 k eV) curves is quite similar to that of the
 (6–10 k eV)/ F (5–1 k eV) curves shown in Figs 2 –7 . Ho we ver, we
nd differences between the F (0.7–1 keV)/ F (0.5–0.7 keV) curves
nd the F (6–10 keV)/ F (0.7–1 keV) curves in NGC 3783, Mrk
66, NGC 3227, and NGC 3516 (see Figs 8 and 9 ). The F (0.7–
 keV)/ F (0.5–0.7 keV) curves do not show changes as those shown by
he F (6–10 keV)/ F (0.7–1 keV) curves in NGC 3227 and NGC 3516
top and bottom panels in Fig. 9 ). There is an inversion in the shape of
he curves of the SUB-INT 1, SUB-INT 2, and SUB-INT 3 relative to
he curve of the third time interval in Mrk 766 (see the bottom panel
n Fig. 8 ). The shape of the F (0.7–1 k eV)/ F (0.5–0.7 k eV) curve in
GC 3783 is flatter than that of F (6–10 k eV)/ F (0.7–1 k eV). There

re no differences in the shape of the curves of Mrk 279 shown in the
iddle panel of Fig. 8 . The F (0.7–1 k eV)/ F (0.5–0.7 k eV) curve is

oisier than that of F (6–10 k eV)/ F (0.7–1 k eV) in NGC 7314, which
oes not allow us to see the occurrence of possible eclipsing events
see the middle panel of Fig. 9 ). The fact that the F (0.7–1 keV)/ F (0.5–
.7 keV) curve does not show the occurrence of eclipsing events in
GC 3227 and NGC 3516, and that this curve is flatter than that of
 (6–10 keV)/ F (0.7–1 keV) in NGC 3783 suggests that the eclipsing
vents are best observed in the hard X-ray band ( > 1 keV). 

In the following section, we show a spectral analysis for the whole
ime intervals, as well as a time-resolved analysis of the intervals or
ubinterv als sho wing v ariations in the HR F (6–10 k eV)/ F (1–5 k eV)
urve. 

.2 Spectral analysis 

or this analysis, we have used spectra extracted towards the same
entral regions used for the temporal analysis. A sample of the spectra
orresponding to the first time interval for each galaxy is shown in
ig. 10 . 
Using XSPEC v12.12.0 (Arnaud 1996 ), we modelled the spectra

onsidering a partial absorber with free column density ( N H ) and

art/stac1442_f4.eps
art/stac1442_f5.eps
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art/stac1442_f7.eps
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Figure 8. The curves of the 6–10 keV flux over the 0.7–1.0 keV flux (red) 
and the 0.7–1.0 keV flux o v er the 0.5–0.7 keV flux (green) for NGC 3783, 
Mrk 279, and Mrk 766 from the top to the bottom. Dif ferent interv als or 
subinterv als sho wing a change in the HR F (6–10 k eV)/ F (1–5 k eV) are 
indicated for NGC 3783 and Mrk 766. 
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Figure 9. The curves of the 6–10 keV flux over the 0.7–1.0 keV flux (red) 
and the 0.7–1.0 keV flux o v er the 0.5–0.7 keV flux (green) for NGC 3227, 
NGC 7314, and NGC 3516 from the top to the bottom. Different intervals 
or subinterv als sho wing a change in the HR F (6–10 keV)/ F (1–5 keV) are 
indicated for NGC 3227, NGC 7314, and NGC 3516. 
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o v ering fraction ( C F ), one Gaussian emission line at 6.4 keV, and
 power-law continuum. The N H and C F components are included 
n our modelling as we are interested in studying changes in these
wo parameters of the absorbers that could be eclipsing the central 
-ray source. Our best-fitting models are indicated in Fig. 10 and the

stimated parameters are listed in Table 2 . The abo v e model allowed
s to fit well the spectra of the six galaxies – we obtained a reduced
2 within ∼0.9–1.2. An additional Gaussian line is needed to fit the 
ata of NGC 3783, which is fixed at 6.15 keV and has a EW of
250 eV. This additional line was also used by Blustin et al. ( 2002 )

o fit the broad component of the neutral Fe K α line of NGC 3783.
e have a better fit of the spectrum from time interval 1 for NGC

783, considering an absorption line at ∼6.7 keV with a full width
t half-maximum (FWHM) of 33 eV. Furthermore, we introduced an 
bsorption feature at ∼7.15 keV with an FWHM within 260–310 eV
o obtain a better fit of the spectra for the three time intervals in Mrk
66. The presence of absorption features only in NGC 3783 and Mrk
66 may indicate that the absorber in these two galaxies has a lower
onization degree than in the other galaxies included in our study,
MNRAS 514, 1535–1547 (2022) 

art/stac1442_f8.eps
art/stac1442_f9.eps


1540 J. Armijos-Abenda ̃

 no et al. 

M

Figure 10. The top panels in each plot show spectra for our sample of AGNs together with the best-fitting models (red line) for the first time interval indicated 
in Table 1 . The bottom panels in each plot show the contribution to the χ2 value with sign according to the difference of the data and the model for each data 
point. 
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hich is suggested by Wang et al. ( 2012 ) as an important parameter
ffecting the X-ray absorption. On the other hand, an additional
aussian line at ∼7 keV is required to fit the hydrogen-like Fe K α

ine in the spectra of the Seyfert 2 galaxy NGC 7314. In the next
ection, we will study the spectra showing changes in the HR curves
y considering shorter time-scales. 
We also modelled the spectra of the three time intervals for
rk 279 and Mrk 766 considering the abo v e components plus the

EXRAV model (Magdziarz & Zdziarski 1995 ) to account for neutral
eflection. We modelled the spectrum of the three time intervals
f both galaxies keeping all the parameters free. The parameters
btained with this analysis are given in Table 3 . We notice that there
s very little difference between the parameters listed in Table 2
nd those obtained using the PEXRAV component. Therefore, in this
aper, we will consider models without the PEXRAV component, for
implicity. 

We have presented the averaged value of the EW of the Fe K α line
s a function of the mass of the SMBH in Fig. 11 , where the SMBH
ass of the Seyfert 1 galaxies and NGC 7314 are taken from Bentz &
atz ( 2015 ) and Emmanoulopoulos et al. ( 2016 ), respectively. In
ig. 11 , we also show a high SMBH mass of 2 ×10 7 M � for NGC
227 (labelled as NGC 3227 ∗ in Fig. 11 ) found by Hicks & Malkan
 2008 ). As can be seen in this figure, it appears that the EW is well
nticorrelated with the mass of the SMBH when we consider the
igh SMBH mass for NGC 3227. The Seyfert 1 galaxies in Fig. 11
ollow a linear decreasing relationship, while the EW value of the
eyfert 2 galaxy (NGC 7314) is an outlier outside this relationship,
hich will be discussed later. To study the dependence between

he variables (excluding the Seyfert 2 galaxy), we calculated the
earson’s coefficient and use the least-squares regression taking into
ccount the low (case a) and high (case b) mass estimate of the
MBH for NGC 3227. The Pearson’s coefficient was calculated
sing the PYTHON routine PEARSONR of SCIPY , while the regression
NRAS 514, 1535–1547 (2022) 
as estimated with the LMFIT package. 4 Thus, we found the following
egression for the relation between the EW and the mass of the SMBH
n the case a: 

W ( eV ) = ( −80 . 59 ± 33 . 39) log ( M BH (10 6 M �)) 

+ (712 . 00 ± 240 . 95); (1) 

and in the case b: 

W ( eV ) = ( −187 . 25 ± 62 . 25) log ( M BH (10 6 M �)) 

+ (1491 . 54 ± 452 . 98) . (2) 

The abo v e relations for the cases a and b are indicated with a blue
ine and red line, respectively, in Fig. 11 . We estimated the Pearson’s
oefficient of −0.48 and −0.87 for the anticorrelation between the
ogarithm of the SMBH mass and the EW in the cases a and b,
espectiv ely. The abo v e relations hav e a p -value of 0.41 in the case
 and 0.059 in the case b. Therefore, there is a better anticorrelation
etween the two variables in the case b than in the case a. 

.3 T ime-r esolved analysis 

n this section, we analyse the spectra of the time intervals or time
ubinterv als sho wing changes in the HR curves (see Figs 2 and 4 –
 ) considering short time-scales that allow us to identify changes
n the relative flux, N H , and C F . For this, we use uniform time
ins and include a number of counts that are large enough for
esolving changes in N H and C F , using our models. We focus our
pectral analysis on the hard X-ray emission ( > 1 keV) because,
s indicated in Section 3.1 , NGC 3227 and NGC 3516 do not

art/stac1442_f10.eps
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Table 2. Spectral analysis parameters. 

Galaxy Interval � 

a N H 
b C F 

c Energy d EW 

e F (2–10 keV) f χ2 /degrees 
( ×10 22 cm 

−2 ) (keV) (eV) ( ×10 −11 erg s −1 cm 

−2 ) of freedom 

NGC 3783 1 1.61 ± 0.02 8 .61 + 0 . 26 
−0 . 25 0.83 ± 0.01 6.42 + 0 . 01 

−0 . 01 156 + 17 
−20 2.41 ± 0.01 799/787 

2 1.77 ± 0.01 8 .08 + 0 . 38 
−0 . 37 0.76 ± 0.01 6.40 + 0 . 01 

−0 . 01 144 + 28 
−27 3.00 ± 0.02 760/753 

Mrk 279 1 1.97 ± 0.06 33 .06 + 35 . 33 
−11 . 09 0.20 ± 0.03 6.42 + 0 . 02 

−0 . 03 82 + 20 
−20 2.68 ± 0.02 617/657 

2 1.94 ± 0.05 119 .13 + 59 . 88 
−29 . 51 0.34 ± 0.04 6.37 + 0 . 04 

−0 . 04 102 + 41 
−43 2.35 ± 0.03 416/441 

3 1.97 ± 0.06 98 .60 + 43 . 65 
−22 . 99 0.30 ± 0.02 6.40 + 0 . 04 

−0 . 13 83 + 43 
−41 2.36 ± 0.04 324/344 

Mrk 766 1 1.91 ± 0.10 11 .10 + 1 . 26 
−1 . 13 0.56 ± 0.01 6.40 g 308 + 86 

−89 0.72 ± 0.01 699/591 

2 2.18 ± 0.02 10 .66 + 2 . 98 
−2 . 38 0.30 ± 0.01 6.40 g 180 + 66 

−63 1.11 ± 0.01 555/572 

3 2.15 ± 0.08 6 .76 + 3 . 42 
−2 . 66 0.19 ± 0.04 6.40 g 206 + 71 

−65 1.40 ± 0.01 602/608 

NGC 3227 1 1.67 ± 0.05 11 .95 + 1 . 73 
−1 . 51 0.32 ± 0.01 6.41 + 0 . 02 

−0 . 02 117 + 18 
−16 3.13 ± 0.02 795/735 

2 1.60 ± 0.06 7 .70 + 2 . 95 
−2 . 32 0.17 ± 0.02 6.41 + 0 . 01 

−0 . 01 146 + 17 
−17 2.59 ± 0.02 778/740 

3 1.70 ± 0.01 16 .67 + 4 . 05 
−3 . 09 0.19 ± 0.01 6.39 + 0 . 02 

−0 . 02 95 + 15 
−12 3.14 ± 0.01 840/769 

4 1.72 ± 0.05 8 .08 + 2 . 94 
−3 . 54 0.16 ± 0.05 6.41 + 0 . 02 

−0 . 01 111 + 15 
−15 3.69 ± 0.02 819/766 

NGC 7314 1 1.81 ± 0.01 1 .35 + 0 . 78 
−0 . 38 0.68 ± 0.02 6.44 + 0 . 02 

−0 . 03 86 + 13 
−14 2.39 ± 0.01 915/782 

2 1.80 ± 0.04 1 .98 + 0 . 84 
−0 . 80 0.48 ± 0.22 6.42 + 0 . 03 

−0 . 03 114 + 18 
−17 1.99 ± 0.01 841/763 

NGC 3516 1 2.03 ± 0.01 7 .37 + 0 . 56 
−0 . 53 0.45 ± 0.01 6.39 + 0 . 03 

−0 . 02 89 + 19 
−20 5.25 ± 0.02 928/768 

2 2.05 ± 0.01 7 .90 + 0 . 51 
−0 . 48 0.48 ± 0.01 6.37 + 0 . 02 

−0 . 01 123 + 15 
−13 4.58 ± 0.02 954/766 

3 2.02 ± 0.01 8 .07 + 0 . 43 
−0 . 41 0.61 ± 0.01 6.38 + 0 . 02 

−0 . 01 139 + 18 
−16 3.56 ± 0.02 864/743 

4 2.05 ± 0.04 7 .13 + 0 . 73 
−0 . 77 0.48 ± 0.03 6.41 + 0 . 17 

−0 . 06 133 + 17 
−15 4.59 ± 0.02 890/769 

a Photon index of the continuum. The uncertainties given in this table are at the 90 per cent confidence level for one parameter of interest. 
b Column density of hydrogen. 
c Co v ering factor. 
d Peak energy of the Fe K α line. 
e Equi v alent width of the 6.4 Fe K α line. 
f The 2–10 keV flux. 
g Fixed parameter. 

Table 3. Spectral analysis parameters obtained using PEXRAV . 

Galaxy Interval � 

a N H 
b C F 

c Energy d EW 

e F (2–10) f χ2 /degrees 
( ×10 22 cm 

−2 ) (keV) (eV) ( ×10 −11 erg s −1 cm 

−2 ) of freedom 

Mrk 279 1 1.99 ± 0.05 30.76 + 22 . 19 
−8 . 55 0.20 ± 0.03 6.42 + 0 . 02 

−0 . 03 80 + 1 −4 2.68 ± 0.02 616/657 

2 1.89 ± 0.13 111.78 + 28 . 26 
−16 . 38 0.40 ± 0.01 6.37 + 0 . 04 

−0 . 04 95 + 23 
−65 2.35 ± 0.03 416/436 

3 1.83 ± 0.50 95.02 + 30 . 55 
−18 . 82 0.40 ± 0.01 6.38 + 0 . 04 

−0 . 04 73 + 38 
−36 2.36 ± 0.05 322/341 

Mrk 766 1 1.91 ± 0.06 8.03 + 1 . 10 
−0 . 99 0.49 ± 0.02 6.40 g 113 + 91 

−60 0.72 ± 0.01 694/592 

2 1.91 ± 0.02 15.48 + 3 . 84 
−2 . 99 0.20 ± 0.01 6.40 g 135 + 45 

−41 1.11 ± 0.01 555/570 

3 2.07 ± 0.08 4.07 + 4 . 35 
−3 . 46 0.14 ± 0.01 6.40 g 127 + 100 

−93 1.40 ± 0.02 600/607 

a Photon index of the continuum. The uncertainties given in this table are at the 90 per cent confidence level for one parameter of interest. 
b Column density of hydrogen. 
c Co v ering factor. 
d Peak energy of the Fe K α line. 
e Equi v alent width of the 6.4 Fe K α line. 
f The 2–10 keV flux. 
g Fixed parameter. 
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eveal the occurrence of eclipsing events in the F (0.7–1 keV)/ F (0.5–
.7 keV) curve, while the F (6–10 keV)/ F (0.7–1 keV) curve does
hat. Another argument supporting the choice of the hard X-ray 
ange in our analysis is the following: considering energies < 2 keV
n the spectral analysis leads to values of N H < 1 × 10 22 cm 

−2 and
alues of C F close to 1 in NGC 3227 and NGC 7314, making it
mpossible to follow changes in the C F values. For this analysis, 
e use the models described in Section 3.2 excluding the PEXRAV 
omponent. The results of our analysis are shown in Table 4 and
igs 12 –14 , where we use a number followed by a letter for labelling

he time bins. The number of the bin corresponds to that of the time
nterval or the time subinterval. We do not analyse the second time
nterval of Mrk 766 because this was already done in Risaliti et al.
 2011 ). 

We notice that the first time interval in Mrk 766 (see Fig. 12 ,
iddle panel), the first and second time intervals in NGC 3227 (see
MNRAS 514, 1535–1547 (2022) 
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Figure 11. EW of the Fe K α line as function of SMBH mass, for each galaxy. 
The red line is the fitted line regression obtained considering NGC 3227 with 
a log 10 ( M BH ) of 7.3 M � (labelled as NGC 3227 ∗) and the other four Seyfert 1 
galaxies, while the blue line is the fitted line regression obtained considering 
NGC 3227 with a log 10 ( M BH ) of 6.7 M � and the other four Seyfert 1 galaxies 
(see in the text). 
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Table 4. Parameters of the time-resolved spectral analysis. 

Galaxy Inter. N H 
a C F 

b F / F 

′ c χ2 /degrees 
( ×10 22 cm 

−2 ) of freedom 

NGC 3783 1A 9.12 + 1 . 60 
−1 . 62 0.82 ± 0.03 0.61 ± 0.01 397/409 

1B 9.66 + 0 . 95 
−0 . 93 0.79 ± 0.04 0.69 ± 0.01 400/463 

1C 8.70 + 0 . 98 
−1 . 04 0.81 ± 0.02 0.62 ± 0.01 383/389 

1D 10.67 + 0 . 86 
−0 . 81 0.82 ± 0.01 0.64 ± 0.01 380/408 

1E 8.97 + 0 . 66 
−0 . 70 0.85 ± 0.02 0.87 ± 0.02 529/559 

1F 8.87 + 0 . 60 
−0 . 60 0.87 ± 0.01 0.97 ± 0.01 593/565 

1G 8.55 + 0 . 64 
−0 . 62 0.83 ± 0.01 0.94 ± 0.01 536/557 

1H 8.76 + 1 . 31 
−1 . 05 0.86 ± 0.02 0.95 ± 0.01 507/555 

Mrk 766 1A 21.37 + 6 . 19 
−4 . 60 0.67 ± 0.02 0.37 ± 0.02 124/108 

1B 13.49 + 4 . 67 
−3 . 80 0.67 ± 0.03 0.40 ± 0.02 109/106 

1C 11.17 + 2 . 45 
−2 . 24 0.76 ± 0.03 0.46 ± 0.02 124/121 

1D 13.52 + 2 . 54 
−2 . 11 0.68 ± 0.02 0.66 ± 0.02 192/174 

2A 4.00 + 1 . 87 
−1 . 63 0.63 ± 0.26 0.68 ± 0.02 230/191 

2B 8.05 + 3 . 40 
−2 . 71 0.52 ± 0.05 0.74 ± 0.02 197/194 

2C 13.11 + 5 . 93 
−4 . 18 0.50 ± 0.04 0.44 ± 0.02 142/153 

2D 22.02 + 6 . 35 
−4 . 73 0.74 ± 0.02 0.37 ± 0.02 118/90 

NGC 3227 1A 13.68 + 5 . 26 
−3 . 70 0.36 ± 0.02 0.82 ± 0.02 374/407 

1B 20.59 + 12 . 30 
−7 . 51 0.30 ± 0.02 0.75 ± 0.01 304/353 

1C 12.62 + 5 . 80 
−3 . 76 0.35 ± 0.02 0.70 ± 0.01 371/351 

1D 10.11 + 3 . 80 
−2 . 85 0.36 ± 0.03 0.78 ± 0.01 380/371 

1E 11.31 + 3 . 59 
−2 . 76 0.40 ± 0.02 0.78 ± 0.01 359/371 

1F 19.91 + 4 . 51 
−3 . 61 0.29 ± 0.02 0.93 ± 0.02 371/407 

1G 7.43 + 9 . 80 
−5 . 40 0.11 ± 0.02 1.04 ± 0.02 443/434 

2A 0.18 + 0 . 27 
−0 . 18 0.22 ± 0.28 0.94 ± 0.01 479/474 

2B 1.40 + 5 . 60 
−0 . 60 0.27 ± 0.13 0.85 ± 0.01 456/446 

2C 3.07 + 6 . 01 
−3 . 03 0.17 ± 0.03 0.66 ± 0.01 388/394 

2D 13.72 + 3 . 33 
−2 . 69 0.34 ± 0.02 0.60 ± 0.01 378/364 

2E 10.67 + 4 . 35 
−3 . 23 0.25 ± 0.03 0.56 ± 0.01 335/346 

2F 13.53 + 2 . 58 
−2 . 48 0.25 ± 0.02 0.63 ± 0.01 365/374 

2G 13.88 + 7 . 88 
−5 . 56 0.32 ± 0.04 0.57 ± 0.01 294/318 

3A 16.02 + 2 . 79 
−2 . 35 0.33 ± 0.02 0.73 ± 0.01 471/469 

3B 12.00 + 1 . 80 
−1 . 52 0.30 ± 0.01 0.67 ± 0.01 446/441 

3C 15.88 + 7 . 33 
−4 . 63 0.28 ± 0.01 0.62 ± 0.01 395/427 

3D 37.52 + 27 . 00 
−14 . 00 0.11 ± 0.02 0.75 ± 0.01 416/436 

3E 30.33 + 6 . 49 
−4 . 99 0.22 ± 0.01 0.95 ± 0.01 557/515 

3F 20.03 + 11 . 32 
−7 . 19 0.17 ± 0.02 1.11 ± 0.01 599/545 

3G 10.52 + 3 . 04 
−2 . 27 0.15 ± 0.01 1.05 ± 0.01 479/503 

NGC 7314 1A 2.67 + 4 . 41 
−2 . 02 0.35 ± 0.05 0.63 ± 0.01 182/203 

1B 9.28 + 4 . 76 
−3 . 35 0.41 ± 0.05 0.53 ± 0.02 160/173 

1C 4.93 + 5 . 78 
−3 . 78 0.24 ± 0.20 0.63 ± 0.02 220/206 

1D 3.97 + 3 . 35 
−2 . 64 0.42 ± 0.25 0.84 ± 0.02 244/261 

1E 4.47 + 3 . 11 
−2 . 50 0.45 ± 0.20 0.67 ± 0.02 218/220 

1F 0.60 + 0 . 12 
−0 . 12 0.85 ± 0.13 1.04 ± 0.02 288/306 

1G 1.00 + 0 . 24 
−0 . 23 0.65 ± 0.14 0.67 ± 0.02 254/217 

NGC 3516 3A 10.09 + 1 . 23 
−1 . 12 0.61 ± 0.02 0.69 ± 0.01 496/456 

3B 7.64 + 1 . 19 
−1 . 09 0.62 ± 0.03 0.62 ± 0.01 429/425 

3C 6.78 + 1 . 19 
−1 . 08 0.62 ± 0.04 0.62 ± 0.01 437/421 

3D 9.54 + 1 . 25 
−1 . 13 0.61 ± 0.02 0.70 ± 0.01 489/456 
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ig. 13 , left and middle panels), and the third time interval in NGC
516 sho w N H v alues with a similar trend to that of the C F , but
he N H values appear more dispersed (see Fig. 14 ). The N H value
n the time subinterval 1F of NGC 3227 is out of the trend (see
he left-hand panel in Fig. 13 ), which is not clear. The N H reveals
he highest values in the time subintervals 1B and 1C (within SUB-
NT 1) of NGC 7314, where we see the change in the HR light
urve (see Fig. 12 , right-hand panel), and the lowest value of C F 

atches well the lowest value of the HR curve in the SUB-INT 1.
he observed trend between N H and C F , in the above time intervals
r time subintervals of NGC 3227, NGC 7314, and NGC 3516, is
onsistent with that was found for Mrk 766 by Risaliti et al. ( 2011 ),
upporting the idea that during the time intervals that show this trend,
 cloud or clouds obscure the centre X-ray source. On the other
and, the values of N H in NGC 3783 show a trend of decreasing
ith time, while the values of C F reveal a modest increase. The
 H reaches its maximum value around 1.77 × 10 6 s and the values
f C F show a clear decrease with time in the third time interval of
GC 3227 (see Fig. 13 , right-hand panel). It is not clear why the
alues of N H do not follow the values of the C F in the first time
nterval of NGC 3783 and the third time interval of NGC 3227,
hich show changes in the HR curves. We also notice in Figs 12 –14

hat there is a clear anticorrelation between the HR curve and the
elative flux for the studied galaxies, except for NGC 7314. It is
ifficult to check changes of the relative flux and of the other two
arameters in SUB-INT 1 of NGC 7314, because there are only two
ossible estimates within this time subinterval (see right-hand panel
f Fig. 12 ). 
To see the variations in the values of N H and C F with time and

heir uncertainties, Fig. 15 shows contour plots of C F versus N H 

f se veral representati ve time interv als gi ven in T able 4 . W e see in
his figure that there are uncertainties with o v erlapping ranges. We
stimate these uncertainties with XSPEC at 68 per cent and 90 per cent
onfidence levels, which allow us to distinguish the changes in both
arameters with time. For example, the values of N H and C F tend to
ncrease with time in the second time interval of NGC 3227 (panel e
n Fig. 15 ), while the values of C F increase and those of N H decrease
ith time for the first time interval of NGC 3783 (panel b in Fig. 15 ).
NRAS 514, 1535–1547 (2022) 
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Table 4 – continued 

Galaxy Inter. N H 
a C F 

b F / F 

′ c χ2 /degrees 
( ×10 22 cm 

−2 ) of freedom 

3E 7.24 + 1 . 51 
−1 . 63 0.63 ± 0.05 0.81 ± 0.01 441/482 

3F 5.71 + 0 . 89 
−0 . 84 0.61 ± 0.04 1.02 ± 0.01 555/532 

3G 8.43 + 1 . 01 
−0 . 92 0.59 ± 0.02 0.97 ± 0.01 580/523 

3H 6.96 + 1 . 01 
−0 . 92 0.58 ± 0.03 1.03 ± 0.01 523/535 

Note . Mrk 279 does not show changes in the HR curves, so it does not appear 
in this table. a Column density of hydrogen. The uncertainties given in this 
table are at the 90 per cent confidence level for one parameter of interest. 
b Co v ering factor. 
c Relative flux, which is the 2–10 keV flux normalized to that estimated in 
the second, third, first, fourth, and fifth time intervals for NGC 3783, Mrk 
766, NGC 3227, NGC 7314, and NGC 3516, respectively. 
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 DISCUSSION  

.1 Relation between the EW of the 6.4 keV Fe line with the 
lack hole mass 

he best anticorrelation between the values of the EW of the Fe K α

ine with the SMBH mass is shown in Fig. 11 for the fiv e Se yfert 1
alaxies studied in this paper, which is fitted using the equation ( 2 ).
n the other hand, the average EW of the Syfert 2 NGC 7314 is
ot consistent with this relation. NGC 7314 with a SMBH mass of
.9 × 10 6 M � reveals an average EW of 100 ± 11 eV, which is a factor
f 2.3 lower than that of Mrk 766 with a SMBH mass of 6.6 × 10 6 M �.
he average EW for NGC 7314, derived in this contribution, is
onsistent with the 82 + 19 

−21 eV found by Zoghbi et al. ( 2013 ) for the
ame galaxy. Considering the linear regression in Fig. 11 fitted with 
quation ( 2 ), an EW of ∼380 eV is expected for a Seyfert 1 AGN with
 SMBH mass of 0.9 × 10 6 M � equal to that of NGC 7314. This con-
rasts with the findings by Singh, Shastri & Risaliti ( 2011 ), who found
hat the EW values of the Fe K α line in Seyfert 2 galaxies are higher
han in Seyfert 1 galaxies, which could be a consequence of measur-
ng the EW against the depressed continuum by the torus obscuration 
n Seyfert 2 galaxies (Singh et al. 2011 ). On the contrary, our findings
re consistent with the attenuation in the luminosity of the Fe K α

ine in Compton-thick Seyfert 2 galaxies (likely due to absorption of
he reflected component) compared to that of Seyfert 1 galaxies with 
he same mid-infrared (IR) luminosity (Ricci et al. 2014 ). 

Fig. 11 suggests that the SMBH mass can directly affect the Fe K α

ine emission region in Seyfert 1 galaxies. The EW–SMBH mass 
nticorrelation is expected from the EW–X-ray luminosity anticor- 
elation known as the X-ray Baldwin effect (Iw asaw a & Taniguchi
993 ; Page et al. 2004 ; Shu, Yaqoob & Wang 2010 ). Nandra et al.
 1997 ) found that the Fe K α line emission in Seyfert 1 galaxies likely
riginates in the accretion disc orbiting the SMBH. On the other 
and, Fukazawa et al. ( 2011 ) discovered that the Fe K α line is likely
enerated in the Compton-thick torus because they found a relation 
etween the EW of the Fe K α line and the absorption column density
n Seyfert galaxies. The accretion rate, proposed as responsible for 
roducing the X-ray Baldwin effect (Winter et al. 2009 ), could play
n important role in causing the EW–SMBH mass anticorrelation if 
he Fe K α emission line is generated in the accretion disc. 

.2 Physical properties of the eclipsing clouds 

e analysed with the same procedure described by Risaliti et al. 
 2011 ) the X-ray variability of six Seyfert galaxies (see Table 1 ),
ncluding the galaxy Mrk 766 discussed by Risaliti et al. ( 2011 ).
hese observations were achieved with the XMM–Newton mission 
sing the PN instrument. The AGNs are bright enough [ F (2–10) keV]
 1 × 10 −11 erg cm 

−2 s −1 with a long observation time of at least
40 ks. In the same way, we carried out a preliminary analysis of the
R between the high- and low-energy light curves [(6–10 keV)/(1–
 keV)] to identify intervals where the strongest spectral variations 
f the X-ray radiation take place due to the occultation by the clouds
f the BLR. Then, we identified the occultation events and estimated
heir durations from the HR light curves. 

We can estimate the cloud velocity, having information about 
he eclipse time and the variation of the co v ering factor during the
ccultation, using the expression by Risaliti et al. ( 2011 ) derived
ssuming that the central X-ray source has a size of at least 5 R g :
 > 2 . 5 × 10 3 M 6 T 

−1 
4 

√ 

�C F (km s −1 ), where M 6 is the black hole
ass in units of 10 6 M �, T 4 the occultation time in units of 10 4 s,

nd � C F is the co v ering factor variation during the eclipse. As
e will see below, our sources have sizes much larger than five
ravitational radii ( R g = 2 GM BH 

c 2 
), so the abo v e e xpression can be

pplied undoubtedly. On the other side, considering that the ob- 
curing clouds are moving with Keplerian velocities, and combining 
he transv erse v elocity of the clouds with their occultation times
erived from the variability of the HR light curves for each galaxy,
 geometrical limit on the X-ray source size can be obtained using
he expression given by Risaliti et al. ( 2007 ): D s = ( GM BH ) 

1 
3 T 

2 
3 ,

here M BH is the black hole mass and T is the occultation time. To
stimate the size of the eclipsing cloud we consider the distribution
f material across the BLR by the co v ering factor �

4 π , where �
s the angle subtended by the clouds, so we use the expression
 c = 4 

√ 

C F D s . 
The physical parameters of the sources and BLR clouds are 

iven in Table 5 . We have not included Mrk 279 in Table 5 as
his galaxy does not show changes in the HR curves, which is
eeded for deriving occultation times and variation in the co v ering
actor. This is the reason why we have not included the parameters
f some time intervals or time subintervals of the other AGNs
n Table 5 either. The derived values in Table 5 for the first and
hird time intervals of NGC 3783 and NGC 3227, respectively, may
e biased because the N H values do not follow the C F values, as
entioned abo v e, which is e xpected when there are gradients in

oth parameters across the line of sight (see Risaliti et al. 2011 ).
t is noted that at X-ray energies a single cloud can nearly fully
lock our view of the X-ray source since the cloud is larger than
he continuum source (with sizes within ∼(30–100) R g ). The clouds
ave linear dimensions of ∼10 14 –10 15 cm, velocities > 750 km s −1 ,
ssuming that the clouds orbit the SMBH with Keplerian velocities, 
nd densities n c ∼ 10 8 –10 9 cm 

−3 . From our analysis, we found
hat the column density of eclipsing clouds is about 10 23 cm 

−2 

except for NGC 7314 with a column density of 2 × 10 22 cm 

−2 ,
ee Table 2 ) and the linear scale of the cloud is of the order of 10 14 

m, then the corresponding density of the cloud is within 10 8 –10 9 

m 

−3 as was indicated abo v e (see Table 5 ). This is in agreement
ith the results by Wang et al. ( 2012 ), who found that strong X-ray

bsorption takes place when eclipsing clouds with column densities 
f 10 22 –10 23 cm 

−2 are far from the central black hole, leading
o lower ionization degrees and larger opacities of the clouds. As
xpected from the expressions used in our estimates (the black hole
ass is directly proportional to the velocity and size of the cloud),
GC 3516 with a massive black hole of 25 million solar masses

vidences the coupling feedback between the central black hole and 
he surrounding galaxy, making cloud velocities faster and the size 
f the clouds and the continuum source larger. Assuming Keplerian 
elocities, we can estimate distances ( r c ) of the absorbing clouds from
MNRAS 514, 1535–1547 (2022) 
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Figure 12. Left-hand panel: the HR, relative flux, column density, and co v ering factor go from the top to the bottom for NGC 3783 in the first time interval. 
The relative flux is the 2–10 keV flux normalized to that estimated in the second time interval. Middle panel: as in the left-hand panel but for Mrk 766 in the 
first time interval and the relative flux is normalized to that in the third time interval. Right-hand panel: as in the left-hand panel but for NGC 7314 in the second 
time interval and the relative flux is normalized to that in the first time interval. 

Figure 13. Left-hand panel: the HR, relative flux, column density, and co v ering factor go from the top to the bottom for NGC 3227 in the first time interval. 
The relative flux is the 2–10 keV flux normalized to that estimated in the fourth time interval. Middle panel: as in the left-hand panel but for the second time 
interval. Right panel: as in the left-hand panel but for the third time interval. 
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he central X-ray source, which are given in the last two columns of
able 5 . 
The cloud in NGC 3783 shows a velocity > 750 km s −1 slightly

igher than those below 700 km s −1 found for the NLR in AGNs
Evans 1988 ; Rodr ́ıguez-Ardila, Contini & Viegas 2005 ), while the
ther AGNs reveal cloud velocities > 1122 km s −1 , so we may be
bserving a NLR cloud instead of a BLR cloud in NGC 3783. As
entioned abo v e, the cloud v elocity deriv ed for NGC 3783 may

e biased because the values of N do not follow those of C 
NRAS 514, 1535–1547 (2022) 

H F 
s expected when there are variations in both parameters during
n eclipsing event. The high density of 8 × 10 7 cm 

−3 estimated
or NGC 3783 supports the idea that the eclipsing cloud in this
GN is likely a BLR cloud. This density is much larger than

hose of < 10 5 cm 

−3 found for NLRs (Nagao, Maiolino & Marconi
006 ). 
The changes in HR curves plus the variation trend between the
 H values and the C F values in Mrk 766, NGC 3227, NGC 7314,
nd NGC 3516 evidence that BLR clouds are likely eclipsing the
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Figure 14. From the top to the bottom: the HR, relative flux, column density, 
and co v ering factor for NGC 3516 in the second time interv al. The relati ve 
flux is the 2–10 keV flux normalized to that estimated in the fourth time 
interval. 
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entral X-ray sources. The BLR clouds eclipsing the central X-ray 
ource in Mrk 766 were studied in detail in Risaliti et al. ( 2011 ).
he occultation events observed in NGC 3516 and NGC 3227 are in
greement with the flux variations that could be due to the passage
f clumps across the line of sight in NGC 3516 (Turner et al. 2011 )
nd the detection of a transient obscuration event in NGC 3227 
Mehdipour et al. 2021 ), which would be caused by obscuring winds
s opposed to eclipsing clouds. Ebrero et al. ( 2011 ) proposed that
eutral gas grazing the clumpy torus in NGC 7314 and crossing
ur line of sight is responsible for the variations in the absorption
roperties in NGC 7314, which is consistent with our findings but 
ur study shows that the absorber is located in the BLR. De Marco
t al. ( 2020 ) estimated a density of > 7 × 10 7 cm 

−3 for the obscuring
as in the BLR of NGC 3783, which is consistent with the density
f the eclipsing cloud found for this galaxy. The column density and
he distance (from the central X-ray source) of the eclipsing cloud 
n NGC 3783 agree with those derived by Reeves et al. ( 2004 ) using
he absorption line at 6.67 keV, which was also detected in our study
see Section 3.2 ). Moreo v er, the column density and co v ering factor
stimated for the eclipsing cloud in NGC 3516 are in agreement with
hose found by Turner et al. ( 2008 ) for an absorber eclipsing the
ontinuum central source in NGC 3516. 

The derived distances r c of the eclipsing clouds from the X-ray 
ource are within (0.3–8) ×10 4 R g (see Table 5 ). The r c value of
 ×10 4 R g derived for NGC 3783 agrees with those of (7 . 4 –8 . 6) ×
0 4 R g estimated by Markowitz et al. ( 2014 ) for the X-ray absorbing
louds located at the dusty torus of this AGN. The r c values within
3–8) ×10 3 R g derived for Mrk 766 are consistent with those derived
y Risaliti et al. ( 2011 ) for BLR clouds in this AGN. We find r c 
alues within ∼(1–2) ×10 4 R g for NGC 3227, which are lower than
hose of (0.7–2) ×10 5 R g found for X-ray absorbing clouds located 
n the dusty torus of this galaxy (Markowitz et al. 2014 ). We would
btain lower distances around 10 3 R g for the eclipsing clouds in 
GC 3227 if we consider the high SMBH mass of 2 × 10 7 M �
sed in our analysis in Section 3.2 , which are lower than the BLR
loud distances within ∼(0.5–7) ×10 4 R g measured for NGC 3227 
Markowitz et al. 2014 ). Furthermore, the r c values of 9.6 × 10 15 cm
erived for NGC 7314 and of 3.2 × 10 16 cm derived for NGC 3516
re consistent with those expected in BLRs of AGNs with a SMBH
ass within ∼(0.1–2) × 10 7 M � (see Pietrini et al. 2019 ). Thus, the

louds obscuring the central X-ray source in Mrk 766, NGC 3227,
GC 7314, and NGC 3516 sho w r c v alues of (0.3–3.6) ×10 4 R g ,

ypical of BLR clouds. 

 C O N C L U S I O N S  

e carried out the spectral and temporal analysis of X-ray data of
ix galaxies observed with the XMM–Newton telescope, which was 
eeded for deriving the physical parameters of clouds eclipsing the 
entral X-ray source in five of the six galaxies. Using the HR light
urves, we identified occultation events towards the central regions 
f NGC 3783, NGC 3227, NGC 7314, and NGC 3516, as well as
orroborated the occultation events in Mrk 766. The physical size 
f the central X-ray sources ( ∼(3–28) × 10 13 cm) is less than the
ize of the eclipsing clouds, thus a single cloud can block the X-ray
ource and absorb the X-ray spectrum. The eclipsing clouds in Mrk
66, NGC 3227, NGC 7314, and NGC 3516 have large values of the
olumn densities ( ∼10 22 –10 23 cm 

−2 ) and are located at distances of
(0.3–3.6) ×10 4 R g , typical of BLR clouds, leading to the notorious

emporal variability of the X-ray flux during the time that the cloud
s crossing our line of sight. On the other hand, the cloud obscuring
he X-ray source in NGC 3783 is likely located in the dusty torus. 

We see that the co v ering factor changes from object to object and
he existence of intervening clouds is a common feature in AGNs. The 
as in the BLR, located in the vicinity of the black hole, is moving at
eplerian velocities of > 1122 km s −1 (excluding the velocity derived

or NGC 3783 because toward this source the estimate of the cloud
elocity may be biased). 

We found a good anticorrelation with a slope of −187 ± 62 be-
ween the known mass of the SMBHs with the EW of the 6.4 keV Fe
ine for the five Seyfert 1 galaxies considering a log 10 ( M BH ) = 7.3 M �
or NGC 3227 in our statistical analysis. The average value of the EW
f NGC 7314, a Seyfert 2, does not agree with the SMBH mass–EW
elation found for the five Seyfert 1 galaxies, supporting previous 
esults (Ricci et al. 2014 ). 
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Figure 15. Contour plots of N H versus C F for several representative intervals given in Table 4 . The red contours show the 90 per cent confidence level, while 
the black contours show the 68 per cent confidence level. Labels refer to the time subintervals as defined in Table 4 . 

Table 5. Derived physical parameters. 

Galaxy Interval or M BH 
a T 4 

b �C F 
c V c 

d D s 
e D c 

f n c 
g r c 

h r c 
i 

subinterval ( ×10 6 M �) ( ×10 4 s) (km s −1 ) ( ×10 13 cm) ( ×10 13 cm) ( ×10 8 cm 

−3 ) ( ×10 15 cm) (10 4 R g ) 

NGC 3783 1 12 .0 12 .0 0 .09 750 28 .5 104 .0 0 .8 286 .0 8 .0 

Mrk 766 1 6 .6 4 .0 0 .34 2420 11 .2 33 .7 3 .3 15 .2 0 .8 
2 2 .6 0 .32 3612 8 .4 18 .5 5 .8 6 .8 0 .3 

NGC 3227 1 4 .8 5 .4 0 .72 1897 12 .4 28 .0 4 .3 18 .0 1 .2 
2 6 .0 0 .50 1423 13 .3 21 .9 3 .5 32 .0 2 .2 
3 4 .3 0 .49 1966 10 .6 18 .5 9 .0 16 .8 1 .2 

NGC 7314 1 0 .9 1 .3 0 .42 1122 2 .7 7 .6 2 .6 9 .6 3 .6 

NGC 3516 3 25 .1 5 .5 0 .08 3227 21 .7 67 .7 1 .2 32 .3 0 .4 

a The SMBH masses are taken from Bentz & Katz ( 2015 ) except for NGC 7314 whose SMBH mass is taken from Emmanoulopoulos et al. ( 2016 ). 
b The occultation time. 
c The co v ering factor variation during the eclipse. 
d Velocity of the eclipsing cloud. This value is a lower limit for the velocity. 
e Size of the central X-ray source. 
f Size of the eclipsing cloud. 
g Particle density of the eclipsing cloud. 
h Distance between the X-ray source and the obscuring cloud. 
i Distance between the X-ray source and the obscuring cloud in units of R g . 
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