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Resumen

Los ntcleos activos de galaxias (AGN, de sus siglas en inglés) emiten energias del orden de
10*%erg s—! en regiones muy compactas, siendo uno de los fenémenos més energéticos de
todo el Universo. Hoy en dia, la teoria méas aceptada es que este fenémeno es consecuencia

de la acrecién de materia sobre un agujero negro supermasivo.

Esta tesis estd centrada en el estudio de la variabilidad del extremo de los AGN de més
baja luminosidad (LLAGN), los LINERs (low ionization nuclear emission line regions) y las
conocidas galaxias Seyfert. A su vez se compara el comportamiento de ambas familias de
AGN. Mientras que los nicleos Seyfert fueron descubiertos en 1943 y se caracterizan porque
el nicleo produce lineas espectrales de emisién de gas altamente ionizado, hubo que esperar
hasta 1980 para que Heckman descubriese los LINERs y los clasificase como una subcategoria

de AGN, cuyos espectros 6pticos presentan un estado de ionizacién mas bajo que las Seyfert.

El estudio de AGN en rayos X es ideal puesto que el nicleo es accesible en este rango
de frecuencias y ademas el efecto de oscurecimiento es mucho menor comparado con el
ultravioleta (UV), ptico o infrarrojo cercano. Es por ello que los datos presentados en esta
tesis son principalmente en rayos-X, aunque complementados con informacién simultédnea en

frecuencias UV.

La variabilidad es una propiedad que caracteriza a los AGN de alta potencia, que muestran
variaciones en todo el espectro electromagnético, y permite inferir sobre sus propiedades
fisicas. Si bien esto esta establecido para las galaxias Seyfert, no es algo obvio en LINERs,
para los que solamente se ha estudiado una pequena muestra de objetos tipo 1 en rayos X o
una muestra algo més grande en el UV. Ademads, al comenzar esta tesis no se conocia cudl
es el mecanismo fisico que origina las variaciones en este tipo de AGN, que es uno de los

principales objetivos de esta tesis.

Para analizar la variabilidad en rayos X, se ha elaborado un método que permite estudiar
variaciones a corta y larga escala. Las variaciones a larga escala se analizan ajustando todos
los espectros de un mismo objeto con el mismo modelo. La variabilidad a corta escala se
obtiene del andlisis de las curvas de luz, que se analizan de manera estdndar. Esto nos
permite estimar tanto las variaciones en flujo como las variaciones espectrales, lo que sirve
para conocer el patréon de variabilidad y permite a su vez inferir propiedades fisicas de estos
objetos. Para este estudio se han utilizado datos piblicos de los satélites de rayos-X Chandra
y XMM—-Newton en diferentes épocas. Ademds, con XMM—-Newton se puede obtener de
forma simultanea informacién sobre variabilidad en rayos X y UV. La metodologia se explica

en detalle en el Capitulo 2 (ver también Herndndez-Garcia et al. 2013).

Primero se aplicé la metodologia a una muestra de 18 niicleos LINERs, incluyendo tipos
1 (en realidad son todos tipo 1.9) y 2 (Capitulo 2). Se clasificaron los niicleos como AGN
(no-AGN) cuando mostraban una fuente puntual (o no) en la banda de energia 4.5-8.0



keV, siguiendo el trabajo de Gonzalez-Martin et al. (2009b). De entre toda la muestra,
tres LINERs fueron clasificados como no-AGN, todos ellos siendo candidatos a Compton-
thick (esto es, que estdn oscurecidos por columnas de densidad muy altas, mayores de 1024
cm~2), ninguno muestra variaciones en rayos-X y dos de ellos varfan en el UV. Ninguno de
los nicleos muestra variaciones a corta escala (entre horas y dias), mientras que mds de la
mitad de los clasificados como AGN varfan en escalas temporales largas (entre meses y anos).
Estas variaciones son principalmente debidas a cambios intrinsecos de las fuentes, mientras
que solamente una galaxia muestra variaciones en la columna de densidad - lo que estaria
directamente relacionado con cambios en la densidad del toro de polvo o la regiéon de lineas
anchas (BLR, de sus siglas en inglés). El estudio en UV muestra que este tipo de galaxias
son variables a frecuencias UV. Asi, se encuentra que los LINERs son objetos variables en
rayos-X y UV. Ademés, de acuerdo a las masas de sus agujeros negros, tasas de acrecion,
y escalas temporales de variabilidad, encontramos que los LINERs siguen el mismo plano
de variabilidad (Mpy — Lyt — TB) que otros AGN mds luminosos en rayos X. También
hemos estudiado el mecanismo de acrecién a partir de la relacion entre el indice de la ley de
potencias y el cociente de Eddington, donde se aprecia una anticorrelacion, indicando que
la acrecién podria ser ineficiente (comparada con la acrecién eficiente que se encuentra para
objetos mds luminosos). Los resultados derivados de este estudio han sido publicados en
Herndndez-Garcia et al. (2014).

La misma metodologia se aplicé a una muestra de 26 galaxias Seyfert tipo 2 (Capitulo 3).
Ninguno de los nticleos muestra variaciones a corta escala. En este caso se realizé un estudio
adicional para seleccionar candidatos a Compton-thick, pues, dado que estas galaxias se
observan a través del toro de polvo, se espera que una fraccién significativa de ellas esté
altamente oscurecida. Encontramos que 12 de las galaxias son candidatas a Compton-thick.
De entre las que son candidatas a Compton-thick, solamente una de ellas muestra variaciones
a larga escala; la explicacion mas razonable es que parte del continuo es atin transmitido y
por ello vemos variaciones. Entre los demas nticleos encontramos que la mayoria son variables
en escalas entre meses y anos, siendo el patron de variabilidad muy similar al encontrado
para los LINERs: cambios intrinsecos de la fuente de energia. Variaciones debidas a la
columna de densidad se encuentran sélo en cuatro fuentes (30%). Finalmente, a diferencia
de lo encontrado en LINERSs, ninguna de las galaxias muestra variaciones en frecuencias UV.

Los resultados de este estudio han sido publicados en Herndndez-Garcia et al. (2015).

Por tanto, el estudio de variabilidad en rayos-X en LLAGN muestra que ambas familias de
AGN son variables en escalas temporales que van entre meses y afios, amplitudes entre 20 y
80 % y un patrén de variabilidad comtn en todos ellos. En UV, al contrario, el estudio de
variabilidad muestra que mientras que los LINERs son variables, las Seyfert 2 no muestran
ningin cambio a estas frecuencias, detectandose la fuente UV en sélo tres galaxias. El hecho
de que el niticleo varie en este rango podria deberse a que el toro de polvo ha desaparecido
en los LINERSs, dejando el nicleo al descubierto, dando lugar a las variaciones observadas.
El trabajo realizado en esta tesis pone de manifiesto que los LINERs y las Seyferts tipo 2
se comportan espectralmente de forma similar en el rango de frecuencias de los rayos-X. No
obstante, los datos de tasas de Eddington analizados son consistentes con un mecanismo
de acrecién diferente, siendo eficiente para los Seyfert e ineficiente para los LINERs. Este

estudio se presenta en el Capitulo 4.



La tesis se complementa con dos capitulos relacionados con la actividad nuclear y la emisién
en rayos-X de objetos extragalacticos (Capitulos 5 y 6). El primero es un estudio sobre AGN
en grupos y ciamulos de galaxias usando datos de XMM—-Newton y Chandra, que incluye la
determinacién del nimero de AGN en cada cimulo. Encontramos entre uno y cinco AGN
por cimulo. El segundo es un estudio de la variabilidad en objetos ultraluminosos en rayos-
X (ULXs) usando datos de XMM-Newton y aplicando técnicas de Fourier. Estimamos la
variabilidad no-lineal de las ULX, que ocurre en la misma forma que otros agujeros negros
con diferentes masas, y el retardo temporal que las variaciones generan entre dos bandas de

energia diferentes.






Abstract

Active Galactic Nuclei (AGN) emit energies of the order of 10*erg s=1 in very compact
regions, being one of the most energetic phenomena in the Universe. Nowadays, the most
accepted theory is that this phenomena is consequence of accretion of matter onto a super
massive black hole.

This thesis is centered on the variability study of the low luminosity AGN (LLAGN), includ-
ing LINERs (low ionization nuclear emission line regions) and the well known Seyferts. The
behaviour of the AGN families are also compared. Whereas Seyfert nuclei were discovered in
1943 and are characterized because their nuclei produce high ionized spectral emission lines,
it was not until 1980 that Heckman discovered LINERs and classified them as a subclass of

AGN, whose optical spectra present a lower ionization state than Seyferts.

The study of AGN in X-rays is ideal because the nucleus is accessible in this frequency
range and the obscuration effect is much smaller compared to the ultraviolet (UV), optical
or near-infrared. That is why the data presented in this thesis are mainly in X-rays, although

complemented with simultaneous information at UV frequencies.

Variability is a property characterizing powerful AGN, which show variations in the whole
electromagnetic spectrum, and allows to infer their physical properties. While this is well
established for Seyfert galaxies, it is not obvious for LINERs, for which it has been studied
only in a small sample of type 1s and a sample at UV frequencies. Moreover, at the beginning
of this thesis the physical mechanism that originates variations in this kind of AGN was

unknown, being this one of the main objectives of this thesis.

To analyze the X-ray variability, we have developed a methodology which allows the study
at short- and long-term variations. The long-term variations are analyzed by fitting all the
data with the same model. The short-term variations are studied from the light curves using
standard procedures. This allows us to estimate not only flux variations but also spectral
variations, that serves to know the variability pattern and at the same time permits to
infer the physical properties of these objects. For this study archival data from Chandra
and XMM—-Newton satellites at different dates have been used. Moreover, XMM—-Newton
allows to simultaneously obtain variability information at X-rays and UV frequencies. The
methodology is explained in detail in Chapter 2 (see also Herndndez-Garcia et al. 2013).

First, the methodology was applied to a sample of 18 LINER nuclei, including type 1 (they
are actually type 1.9) and 2 (see Chapter 2). The nuclei were classified as AGN (non-AGN)
when a point-like source was observed (or not) in the 4.5-8.0 keV energy band, following
the work by Gonzédlez-Martin et al. (2009b). From the entire sample, three LINERs were
classified as non-AGN; all of them being Compton-thick candidates (i.e., they are obscured
by very high column densities, larger than 10?*cm™2), none show variations in X-rays and

two of them vary at UV. None of the nuclei show short-term variations (between hours and



days), whereas more than a half of the AGN candidates show long-term variations (between
months and years). These variations are mainly related to intrinsic changes of the sources,
while only one galaxy shows column density variations — what would be directly related
with changes in the density of the dusty torus or the broad line region (BLR). The study
in the UV shows that this type of galaxies are variable at UV frequencies. Therefore, it is
found that LINERs are variable objects both at X-rays and UV frequencies. Furthermore,
according to their black hole masses, accretion rates, and variability timescales, we find that
LINERs follow the same variability plane (Mg — Lyo; — T8) as more powerful AGN in X-
rays. We have also studied the accretion mechanism from the relation between the spectral
index and the Eddington rate, where an anticorrelation is given, indicating that accretion
could be inefficient (compared to the efficient accretion obtained for more powerful sources).
The results derived from this study have been published in Herndndez-Garcia et al. (2014).

The same methodology was applied to a sample of 26 Seyfert 2s (Chapter 3). None of
the nuclei show short-term variations. In this case, and additional analysis was performed
to select Compton-thick candidates because, since these galaxies are observed through the
dusty torus, we expect a fraction of them being highly obscured. We find that 12 sources are
Compton-thick candidates. Among the Compton-thick candidates, only one shows long-term
variations; the most reasonable explanation is that part of the continuum is still transmitted
and thus we can observe variations. Among the remaining nuclei we find that most of
them are variable in timescales between months and years, the variability pattern being very
similar to that found for LINERs: intrinsic changes of the energy source. Variations related
to the column density were found only in four sources (30%). Finally, in contrast to that
found for LINERs, none of the galaxies show variations at UV frequencies. The results of
this study have been published in Herndndez-Garcia et al. (2015).

Therefore, the X-ray variability study in LLAGN shows that both AGN families are variable
in timescales ranging from months to years, with amplitudes between 20% and 80% and a
common variability pattern among them. At UV, in contrast, the variability study shows
that LINERs are variable, but Seyfert 2s do not show changes at these frequencies, with the
nucleus detected only in three cases. The fact that the nucleus varies in this frequency range
might be because the dusty torus disappeared in LINERs, leaving the core uncovered, giving
place to the observed variations. The work undertaken in this thesis shows that LINERs and
Seyfert 2s spectrally behave similarly at X-ray frequencies. However, the analyzed Eddington
ratios are consistent with different accretion mechanisms, which is efficient for Seyferts and
inefficient for LINERs. This study is presented in Chapter 4.

This thesis is complemented by two chapters related to nuclear activity and the X-ray emis-
sion in extragalactic objects (Chapters 5 and 6). The first is a study about AGN in groups
and clusters of galaxies using XMM-Newton and Chandra data, which includes the deter-
mination of the number of AGN on each cluster. We find from one to five AGN per galaxy
cluster. The second is a study on the variability of ultraluminous X-ray sources (ULXSs) using
XMM-Newton data and applying Fourier techniques. We estimate non-linear variability of
the ULX, which occurs in the same way as in black holes of different masses, and time lags

that variations generate between two different energy bands.
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Introduction

The Universe is a violent place. As far as I know, humans have always been afraid of asteroids
that may impact the Earth. The fact that this is the only concern about the processes happening
outside the Earth for most people is perhaps related to the fact that the atmosphere protects
us from almost all damaging radiation. We do not need to look far to be aware of the violence
out there, because the Sun shows violent explosions launching large amounts of matter onto the

0%7erg s~!. And do not forget that the Sun is a star

space, releasing energies of the order of 1
that will end its life “peacefully” as a white dwarf. On the contrary, the death of massive stars
(M > 10Mg) gives place to strong explosions before becoming neutron stars or stellar mass

Lin a few seconds.

black holes, releasing energies than can go from ~ 1037 up to ~ 10%%erg s~

At larger scales, galaxies are composed by billions of stars of different ages. Thus, at the
same time, millions of stars release their energy from inside their nuclei, others explode to give
birth to new stars, while some asteroids or comets impact against planets or stars. All these
violent episodes take place in part due to the gravitational force, responsible for the dance of all
these bodies around the same center.

The most accepted theory nowadays is that a supermassive black hole of millions of solar
masses resides in each galaxy in the Universe. Some of them are called “active” because their
nuclei constantly release energies ranging from 103% — 10*8erg s~!, higher than the energy re-
leased by a whole normal galaxy, as for example the Milky Way, which releases ~ 103*erg s~

One of the properties characterizing active galaxies is the variability of their nuclei at different
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frequencies from radio to gamma-rays. This is not unexpected, because from general relativity
we know that gravity affects stronger the matter located close to a black hole. Can you imagine
what is happening around a supermassive black hole? Everything is movement; stars, planets,
all the matter trying to escape from the inevitable drop onto the singularity, where nothing,
even light, can escape. This thesis is about the observed variations taking place around differ-
ent types of supermassive black holes residing in active galaxies, where one of the most violent

episodes known to happen in the Universe takes place.
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1.1 Active Galactic Nuclei

Early in the 20" century, Fathl (1909) was trying to clarify the nature of spiral nebulae. He
obtained observations of different sources, most of the spectra consistent with being stars showing
absorption lines. Surprisingly, one of the objects, namely NGC 1068, showed unexpected strong
emission lines. During the following years, several astronomers noted the presence of nuclear
emission lines in the spectra of some spiral nebulae, for example [Hubble| (1926)), who reported a
planetary nebula-like spectrum in three sources, NGC 1068, NGC 4051, and NGC4151. These
discoveries marked the beginning of the studies about active galactic nuclei (AGN).

The systematic study of galaxies with nuclear emission lines had to wait until the work by
Seyfert| (1943). He studied the optical spectra of six objects (NGC 1068, NGC 1275, NGC 3516,
NGC 4051, NGC4151, and NGC7469), and found that they had similar nuclear properties,
showing high-excitation nuclear emission lines superposed to a solar-type spectrum. In his
honour, galaxies with high excitation nuclear emission lines are called Seyfert galazies.

However, the work by Carl Seyfert was not enough to launch the study of AGN, which had
to await several years. In the meanwhile, the development of radio astronomy greatly advanced
in the 50s, when the first surveys of star-like objects were performed (Edge et al.|[1959; [Bennett
1962), and soon after optical counterparts were also detected (Zwicky|1964).

The first report of a quasi-stellar object (QSO), or quasar, as we know them today, was 3C 48
by Sandage, (1964); the spectrum of 3C 48 showed broad emission lines at unfamiliar frequencies,
and variability was found from its photometry, together with an excess at ultraviolet wavelengths.
But it was Schmidt| (1963]) who first realized that the broad lines observed in the spectrum of
another source he was studying, 3C 273, agreed well with being the Balmer-series and Mg II
lines, so this object was located at a redshift z = 0.16. Soon after, |Greenstein & Matthews
(1963) were also able to obtain a redshift of 0.37 for 3C48. Later, Greenstein & Schmidt) (1964)
postulated that the redshifts of these QSO may involve cosmological redshifts, what made them
potential tools for the study of cosmological questions.

At this stage, a number of properties of AGN were recognized. Most astronomers accepted
the cosmological redshifts of QSO, and the parallel between Seyfert galaxies and QSO suggested
a common physical phenomenon (Burbidge et al.|[1963]).

Today, an AGN is a compact central region with luminosities between 1038 —10%8erg s~! that
cannot be explained by stellar processes (Peterson|[1997). While they have masses between 10° —
10° My, it is believed that accretion onto a supermassive black hole (SMBH) is the mechanism
responsible of such a high energy release (Rees||1984). Moreover, AGN emit through the whole
electromagnetic spectrum, from 4-rays to sub-mm, and can be detected up to high redshifts.

Indeed, the most distant AGN known is a QSO at z ~ 7 (Mortlock et al.|2011)).
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1.2 AGN subgroups

Typel
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Figure 1.1: Typical spectra of type 1 and 2 AGN - Taken from Extragalactic Astronomy

(http://www.uni.edu/morgans/astro/course/Notes/section3).

The classification of AGN is based on observational properties, historically from their optical
spectra. Furthermore, AGN have been discovered by different physical properties. For these
reasons, different tags can be given to the same object. In this section we define the main
classifications of AGN.

Depending on the width of their optical Balmer permitted emission lines, they can be roughly

classified as:

e Type 1 AGN: Their spectra are characterized by broad optical Balmer permitted lines with
a full-width at half maximum (FWHM) of 1000-20000 km s~! superimposed to narrower
lines. A non-stellar, bright nuclear source is visible at all wavelengths not contaminated

by stellar light (Netzer|2015]).

e Type 2 AGN: Their spectra show narrow lines with a FWHM of 300-1000 km s~! (i.e.,
broader than those observed in normal galaxies), with indications of photoionization by a
non-stellar source (Netzer|2015). A nuclear point-like source can be observed at X-rays, but
not at UV or visible (Munoz Marin et al.|2009). They can be divided into two subgroups;
those with a hidden broad line region (HBLR) that can be seen in polarized light (Tran


http://www.uni.edu/morgans/astro/course/Notes/section3/seyfertspectra.gif
http://www.uni.edu/morgans/astro/course/Notes/section3/seyfertspectra.gif

5 1.2 AGN subgroups

et al.[1992)), and the “true type 2 AGN” that do not show a broad line region in polarized
light (i.e., NHBLR) and are characterized by narrow lines only and little absorption at
X-rays (Panessa et al.|2009).

Fig. show typical spectra of type 1 and 2 AGN, where the broad lines can be observed
in the first subgroup. Using the relative intensity of the broad and narrow lines, the nuclei can
also be classified as type 1.2, 1.5, 1.8 or 1.9 AGN, with type 1.2 being the sources with weaker
narrow component (e.g., Osterbrock & Martel/[1993]).

On the other hand, different subgroups have been defined depending on multiwavelength

properties, as follows:

e Quasars (QSOs): The central source is so luminous that it outshines the light from the

host galaxy, and only the nucleus is visible. This is why they are observed at high redshifts.
Its name comes from “quasi-stellar object” because they were first confused with star-like
objects (Sandage 1964). It was later realized that radio sources are observed in a few
percentage of QSO (D’Onofrio et al.|2012)). They can be divided into type 1 and type 2.
They show bolometric luminositiesﬂ Lyo ~ 10% — 10%8erg s~ (Woo & Urry|2002).

e Seyferts: The emission from the central nucleus is comparable to the bolometric luminosity
from the host galaxy. Their optical spectra are characterized by high ionization lines, as
[O III] A5007, [O I] A4861, [N II] A\6583, and [S II] AA6716, 6731 (Seyfert|[1943)). They can
be divided into type 1 and 2. They show Ly, ~ 10*2 — 10¥erg s=! (Woo & Urry|[2002;
Ho 2008)). Objects classified as Seyfert 2s are studied in this thesis.

e Narrow Line Seyfert 1 galaxies (NLSyl): Their appearance is similar to Seyfert 1s, but

they lack the broad lines and cannot be associated to Seyfert 2s either. They show weak

Balmer lines and strong Fe II emission (Véron-Cetty et al. 2001)).

e Low ionization nuclear emission line regions (LINERs): Their optical spectra are char-
acterized by low ionization lines, such as [N II] A6584, [O I] A6300, and [S II] A\6731
(Heckman! 1980). Their luminosities are lower than those of Seyferts and QSOs (Lpo ~
10%? — 10*2erg s~1, [Ho/[2008), and can be divided as types 1 and 2, but note that type 1s

refer to 1.9 classifications (Ho et al.[[1997). The ionizing mechanism in these objects is still

not clear (Ho|2008]). Type 1 and 2 LINERs are studied in this thesis.

e Radio galaxies: They are strong radio emitters, showing a nuclear point-like radio emission,
often accompanied by single or twin radio lobes. They can also be divided in radio loud

(very bright at radio frequencies) and radio quiet (otherwise) AGN (Condon et al.|[1980).

!The luminosity of an object measured over all wavelengths.
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e Blazars: They are radio sources and consist of Optically Violent Variables and BL Lac

objects. They are highly variable and do not display emission lines in their spectra. They

are pure type 1 AGN (Elvis|2000)).

AGN dominated_

log([OIII]A5007 /HB

—1 ~0.5 0 0.5
log([NII]A8583/Ha)

Figure 1.2: Diagnostic diagrams - Plot of log([O III]) A\5007/Hz versus log(|N II]) A6583/H,.
Taken from Bamford et al. (2008).

A useful way to differentiate between different kinds of AGN is using the so called “diagnostic

diagrams” (also known as BPT diagrams, Baldwin et al.||[1981), which can distinguish between

star-forming dominated regions, Seyferts or LINERs (Baldwin et al|[1981} |Veilleux & Osterbrock|

[1987; Kauffmann et al. 2003; [Kewley et al.|2006]). It is worth noting the need of removing the

broad component when applying to type 1 objects. These diagrams compare various line ratios
that depend on the ionizing continuum, with the most useful emission lines being [O III] A5007,
[N II] A6583, and [O I} A6300 combined with H, and Hg. They assume that AGN have greater
[O III] A5007/Hpg ratios than those galaxies that produce stellar emission. Fig. shows a

figure from Bamford et al. (2008) that shows a diagnostic diagram. For example, a nucleus is

classified as a Seyfert when log([O III}) A5007/Hz 2 0.5 and log([N II]) A\6583/H, 2 -0.3.
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1.3 Components in AGN

In the following we specify the main components of AGN, which can be observed in Fig.

e The supermassive black hole (SMBH): It is a relatively tiny place in space with a huge

mass, affected by strong gravity (Salpeter||1964; |Lynden-Bell 1969). Three parameters can
define a black hole: its mass, Mpy, angular momentum, J, and charge, (). The basic
properties of SMBH are usually expressed using their gravitational, r, = GMpy/ 2, and
Schwarzschild, r; = 2ry, radii, where G is the gravitational constant. As the SMBH is
invisible, its mass has to be estimated by different approaches; here we summarize four

common techniques:

1. Dynamical mass measurements are based on the observed dynamics of the stars and
were used to discover the correlation between the SMBH and the host galaxy (Young et al.

1978; [Sargent et al.||[1978).

2. Reverberation mapping measures the delay in the appearance of the line variations over
the continuum variations (Blandford & McKee 1982; Kaspi et al. [2000), so the distance
from the central source to the BLR (RprR, see below) can be derived, and the mass is
given by:

Mpy = o %G (1.1)

where 7 is the time delay, ¢ the speed of light, and v the cloud velocity. However, this

technique has been applied only to a few objects since long timescale coverages are required

in order to measure the time delays.

3. The BLR size-luminosity relationship uses the approach that Rprr o« L®, where L is
the continuum luminosity at a given wavelength (Kaspi et al.[[2005). The estimation of the
mass is usually made with the optical continuum at A = 5100 A and the broad component

of the Hg emission line:

AL\ (5100A)

M = 4.817(7
BH 10%[erg s—1]

0.7
) FWHM (Hg)? (1.2)

where FWHM refers to the full width at half maximum of the broad component in the
Hpg emission line. The Mg II and C IV lines have also been used, but at high redshifts the

accuracy of the measurement is lower (Sulentic et al.|2007; [Netzer et al.|[2007]).

4. The Mpp — o relation showed that the masses correlate with the velocity dispersions of
the host bulges as Mpy o< o* (Ferrarese & Merritt| 2000, Gebhardt et al|?2000; |Giiltekin!
et al.|[2009).
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e The accretion disc: It is widely accepted that accretion onto the SMBH is the mechanism

responsible of the high energy in AGN (Rees |1984), where matter is transported inwards
and angular momentum outwards due to dissipative processes (Shakura & Sunyaev||1973).
Two fundamental quantities are related to accretion processes: the Eddington luminosity,
L 44, which is the maximum luminosity a body can achieve when there is balance between

the force of radiation acting outward and the gravitational force acting inward:

Lpgq~ 1.5 x 103(M/M)[erg s (1.3)

and the accretion rate, Rgqq = L/Lpqq, defined as the ratio between the bolometric
luminosity, Ly, and Lggqg. Through this thesis, we use the formula given by [Eracleous
et al.| (2010):

L L -1 1 40
bol e 10_7( bollerg s)/ 2 )
LEaq (Mpy[Me]/10%)

In the following, we describe different kinds of energy emission from the different accretion

REdq = (1.4)

discs, which are classified according to their shape into thin, slim, and thick discs:

1. Optically thick, geometrically thin accretion discs are usually assumed to be present
in AGN (Shakura & Sunyaev|[1973). The fundamental parameters governing their prop-
erties are Rpgqq, Mpp, and the spin, which determine the geometry of the disc, the gas
temperature, the overall luminosity and the spectrum (Netzer 2013). This kind of discs
are considered cooling dominated flows, where the cooling is very efficient because there
is a balance between losing angular momentum and increasing kinetic energy due to local
viscosity. The most accepted theory is that it may be emitting mostly ultraviolet light
(UV) because their temperatures are around 10° K for Mpy = 108 M.

2. Comptonization plus a disc corona can be formed by the scattering of soft photons by
electrons due to the temperature gradient across the disc and the temperature increase
in the atmosphere (Reynolds & Nowak|[2003). The most accepted model is known as the

disc-corona system (e.g., [Poutanen|/1998).

3. Irradiated discs can be formed by external radiation that illuminates the disc, maybe by
reflection from a material located outside the disc, or to radiation from the disc material

itself (Blaes [2007; Reynolds & Nowak |2003)).

4. Slim or thick accretion discs can be formed when the accretion rate exceeds a critical
value of ~0.3 (Netzer|2013). This is though to be the case of NLSyl, where the inflow
timescale is shorter than the time it takes for the radiation to diffuse to the surface of the
disc (Collin & Kawaguchi|2004).
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5. Radiatively inefficient accretion flows occur when the accretion rate is low (of the
order of one percent of Rpgq), and the accretion disc has low density so the cooling time
may exceed the inflow time of the gas. In this case the gravitational to radiative energy
conversion is inefficient because most of the energy is advected into the SMBH. These
flows are generally described as advection dominated accretion flows (ADAF, Narayan &

Yi1994)), or more generally as radiative inefficient accretion flows (RIAF, |Quataert|2004]).

The broad line region (BLR): This region consists of gas with large column densities (~

10% ¢m~2) and high densities (~ 101 em™3) located at about 0.01-1 pc from the nucleus.

These clouds are completely dominated by gravity, and have typical velocities of the order
of 3000 km s~!. This region is responsible for the broad lines observed in type 1 AGN
(Netzer|[2013).

The dusty torus: This is a region of size 1-10 pc that surrounds the BH, with low densities

(~1037% ¢m~3) and extreme high column densities (~ 102> em™2) located at 1-10 pc from
the nucleus (Netzer|[2013). The structure of the torus is not yet clear, and three generic
models are explored, including a homogeneous or smooth gas distribution models (Pier &
Krolik [1992), clumpy torus models (Nenkova et al.|[2008), or composite models including
a combination of homogeneous and clumpy structure (Stalevski et al. 2012)). This is the
largest structure in AGN, thus different properties are derived at different scales. The inner
part of the torus is exposed to the central radiation field, where strong high-ionization X-
ray lines are produced, in particular iron K« lines. Due to the large column densities, this
part reflects and scatters the incident X-ray continuum radiation. At larger radii, the gas
is optically thick and only hard X-ray radiation can penetrate - and even those photons
are limited to a few Compton depths (Awaki et al.|1991). This region has large amount of
dust, whose signatures are observed at infrared wavelengths (e.g., Gonzalez-Martin et al.
2015)).

The narrow line region (NLR): This region consists on gas and dust with smaller column

densities than the BLR (~ 102°=2! ¢m~2) and low densities (~ 10* cm™3) located at about

100-1000 pc from the nucleus. Typical velocities of the clouds are about 500 km s~!. Due
to the low densities, the observed spectrum of the NLR includes intense forbidden lines.

This region is responsible for the narrow lines in type 1 and 2 AGN (Netzer|[2013)).

Relativistic jets: Some accretion discs produce jets of twin, highly collimated, and fast

outflows that emerge in opposite directions from close to the disc. They are usually divided
in FRI and FRII (Fanaroff & Riley||1974), with FRII showing higher radio luminosities.
FRI are kpc-scale jets, which are believed to efficiently slow from highly-relativistic to sub-

relativistic flow on kpc-scales from entrainment of the external interstellar medium, while
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FRII jets are low-efficiency radiators but efficient conveyors of energy to large distances
of hundreds of kpc in length (Worrall [2009). They can radiate in all wavebands from
the radio through to the gamma-ray range via the synchrotron and the inverse-Compton
scattering processes. The jet production mechanism and indeed the jet composition on

very small scales are not yet fully understood.

Narrow Line
Hegion

Broad Line
Hegion

Accretion
Disk

Obscuring
Torus

Figure 1.3: Unified Model of AGN - Taken from (Urry & Padovani|[1995).

1.4 Unified Model of AGN

As different kinds of AGN have been discovered, the scientific community has been trying to

explain every type of AGN within the same scenario. As stated above, it is widely accepted
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that every AGN are powered by accretion onto a SMBH, and therefore the structure of their
nuclei should be similar in all cases. All the components explained in Sect. appear in the
most accepted theory that explains AGN, the so called Unified Model (UM) of AGN (Antonucci
1993; Urry & Padovani||[1995). This scheme is interpreted by two parameters: the line of sight
and the inclination. Within this scenario, the differences among different subclasses of AGN are
only due to orientation effects. A representation of this scheme is illustrated in Fig. If seen
face on, all the components can be observed, giving place to a type 1 object. If seen edge on,
the dusty torus completely obscures the UV and optical light from the accretion disc, the broad
line region, and to some extent X-rays, so a type 2 is observed. Orientations in between give
place to intermediate classes (i.e., types 1.2, 1.5, 1.8, and 1.9). At optical wavelengths, if face
on object, and very luminous (i.e., outshines the host galaxy) it would be a QSO; if not very
luminous (i.e., the nuclear luminosity is comparable to that of the host galaxy), it would be a
Seyfert 1. If edge on and not very luminous, we will observe a Seyfert 2. Blazars are face on
along a line of sight perpendicular to the torus.

Observational evidence supporting the UM came from spectropolarimetric data, where ob-
jects classified as Seyfert 2s showed broad polarized Balmer lines, indicating a hidden BLR
(HBLR, Miller & Goodrich [1990; (Tran et al.|1992). Evidence at other wavelengths are also in
agreement with the UM. At X-rays, in general, Seyfert 1s have column densities Ny < 10%2¢m =2
(i.e., unobscured view of the SMBH), while it is higher in type 2s (i.e., obscured view of the
SMBH) (e.g., Maiolino et al./[1998; Risaliti et al. 2002; Guainazzi et al.|[2005)), indicating that

the column density is related with the obscuring material along our line of sight.

1.4.1 Problems with the UM

However, some type 2s do not show a hidden broad line region in polarized light (e.g., [Tran
et al.[1992)). Are they truly Seyfert 2s according to the unified model? Or are they Seyfert 2s
irrespective of the viewing angle, what would be against the UM? Furthermore, some subclasses
of objects were not taken into account in this simple version of the UM and in fact are not well
accommodated under this scheme, such as NLSyls or LINERs. For this reason, and based on
recent observations of large AGN samples that provide detailed information, several efforts have
been made to modify the UM. The modifications in which the scientific community are involved
right now mainly concern the nature of the torus, the dependence on the luminosity, and BH
and galaxy evolution (Netzer|2015]).

The first version of the UM included a homogeneous (also called smooth) torus (e.g., [Pier &
Krolik|[1992)). Nonetheless, observations did not match the models, so new models including a

clumpy torus (e.g., Nenkova et al.|2008) or a two-phased medium including smooth and clumpy



1. INTRODUCTION 12

material (Stalevski et al.2012) are believed to better represent the structure of the principal
absorber in AGN.

As is the case of LINERs, low luminosity AGN are thought to have a different accretion
mechanism compared to more powerful AGN, that could be advection dominated (e.g.,
. In this case the accretion can be inefficient for objects accreting below a certain
(unknown) percentage of Lpgq, the disc may be truncated and the luminosity of the AGN

decreases. Moreover, it has been suggested that the torus and even the BLR may disappear at
low luminosities (Elitzur & Shlosman [2006; [Elitzur & Ho|[2009).

Finally, new instrumentation is making possible the observations of AGN at high redshifts.

Studies at z ~ 2 suggest that secular processes can be predominant drivers of BH growth

(Schawinski et al.2012). This may indicate that evolutionary processes should be taken into

account in the new version of the UM.
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Figure 1.4: Atmospheric electromagnetic opacity - Taken from |NASA

(http://commons.wikimedia.org/wiki/File: Atmospheric_electromagnetic_opacity.svg).

The discovery of X-ray radiation was made by Wilhelm Rontgen in 1895, who found this
new type of radiation, quite by accident, while he was experimenting with vacuum tubes. It
was when he took an X-ray photograph of the hand of her wife that it clearly revealed her
wedding ring and her bones. He named this new form of radiation X, as something unknown.
The highly penetrating property of X-rays started to be of important application in medical and

other sciences, and Rontgen was awarded the first ever Nobel Prize for Physics in 1901. Another
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Nobel Prize was given to Riccardo Giacconi, also known as “the father of X-ray astronomy”, in
2002 “for his pioneering contributions to astrophysics, which have led to the discovery of cosmic
X-ray sources”.

The atmosphere was a problem for astronomers, since it absorbs potentially damaging radi-
ation before it reaches us, including of course X-rays. The atmospheric electromagnetic opacity
is presented in Fig. where it can be appreciated the impossibility of detecting X-rays from
ground-based instruments. An X-ray detector must be located at least 100 km above the ground
to detect X-rays coming from space, so the use of rockets or satellites was necessary.

The first rocket was launched in 1948 by the US Naval Research Laboratory, and allowed

the first view of the Sun in X-rays. The X-ray astronomy was born.
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Figure 1.5: X-ray missions from 1968 to 2007 - Taken from HEASARC

(https://heasarc.gsfc.nasa.gov/docs/heasarc/missions/time.html).

The first rocket that successfully detected a cosmic X-ray source was launched in 1962 by

a group at the American Science and Engineering, who detected a very bright source in the

Scorpius constellation (Giacconi et al|1962). Major advances in the field came with the launch

of the UHURU satellite (Giacconi et al.|[[1971]) in 1970. While its mission was to provide the first
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all-sky survey in the 2-20 keV energy range, it identified 339 objects by the end of the mission
in 1973. After UHURU, other X-ray missions were launched, which are summarised in Fig. [I.5]
In the following, I will review some of the X-ray mission which contributed to X-ray astronomy.
Copernicus (Sanford 1974) was launched in 1972, and between its findings is the discovery of
pulsars as X-ray sources. The late 70s saw a number of X-ray satellites launched monitoring the
whole sky and covering the 0.1-55 keV energy range. Among them, the High Energy Astrophysics
Observatory (HEAO, Peterson [1975)) missions, and in particular HEAO-2 (better known as the
Einstein observatory, Giacconi et al. [1979), revolutionized the X-ray astronomy thanks to its
capability to create images of extended objects and diffuse emission and to detect faint sources.
Among its achievements is the discovery of ultraluminous X-ray sources (ULXs).

The next major mission launched was the Rdntgen satellite (ROSAT, Truemper||1982) in
1990. The first six months of the mission were dedicated to an all-sky survey in X-rays (0.1-2.5
keV) and ultraviolet (62-206 eV) using an imaging telescope, resulting in a catalog containing
more than 150000 sources. The first satellite to use charge-coupled device (CCD) detectors, the
Advance Satellite for Cosmology and Astrophysics (ASCA, Tanaka et al.[|1994), was launched
in 1993, which was also the first X-ray mission to combine imaging capability with broad pass
band, good spectral resolution, and a large effective area. The Rossi X-ray Timing Explorer
(RXTE, Bradt et al.|1990)) was launched in December 1995. It was designed to study variability
in the energy output of X-ray sources with moderate spectral resolution. BeppoSAX (Scarsi
1997)) was launched soon after in 1996, covering the largest energy range up to now, from 0.1 to
300 keV.

X-ray missions operating today are responsible of a better understanding of the X-ray Uni-
verse, such as Chandra (Weisskopt et al.|[2003), XMM-Newton (Jansen et al.[|2001), Swift (Bur-
rows et al. 2005), Suzaku (Mitsuda et al.||2007), or NuSTAR (Harrison et al. 2013)). Fig.
shows these and future missions (note that not only X-ray instruments are included). Moreover,
the next generation of X-ray observatories proposed for a large mission includes the Advanced
Telescope for High ENergy Astrophysics (ATHENA+, Barcons et al.[[2012), which is expected
to be launched in 2028 to give answer to e.g. how SMBH do grow and shape the Universe.

The primary data set available from X-ray astronomy are called event files, which consists
on a 4-dimensional array including the position, time and energy (x, y, time, energy) of each
photon. After removing “bad” data such as the background, cosmic rays or poor quality data,
we are able to make a spatial analysis (i.e., an image), a spectral analysis (i.e., a spectrum), or
temporal analysis (i.e., light curves) using tasks, scripts and libraries, specifically designed to
reduce and analyze data collected by the satellites.

The development of this thesis has been carried out using data from the two major obser-

vatories that constitute the current generation of X-ray satellites, and will be described in more
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Table 1.1: Comparison between Chandra and XMM—-Newton instruments.

Satellite Instrument Energy Spatial Spectral resol. Effective area
band FOV Resol. at 1 keV at 1 keV
(keV) (FWHM) (eV) (em?)
Chandra ACIS-I 0.2-10 16’x16’ 1-2” 55/125% 410/800
ACIS-S 0.5-10 8 x4%’ 1-27 55/125% 410/800¢
XMM—-Newton MOS 0.2-12 30’ 6” 57 850
pn 0.1-12 30’ 6” 67 1227

*These numbers refer to the front illuminated (FI)/back illuminated (BI) CCDs (see text).

detail in the following. Chandra and XMM-Newton were launched within five months of each
other in 1999 — they are still in orbit — and are providing astronomers with unprecedented spacial
and spectral resolution. A comparison between the characteristics of the instruments located in

those satellites and used in this work (see below) is presented in Table

1.5.1 Chandra

After being launched by the Space Shuttle Columbia in July 1999, Chandra was boosted into
a high elliptical orbit from which it can make long duration, uninterrupted measurements of
X-ray sources in the Universe. It uses the most sensitive X-ray telescope ever built, consisting
of four pairs of nearly cylindrical mirrors with diameters of 0.68-1.4 m, to observe X-rays in
the 0.1-10 keV energy range. These mirrors focus X-rays onto two of Chandra’s four science
instruments: the High Resolution Camera (HRC, Murray & HRC Team!1999) and the Advanced
Charged Couple Imaging Spectrometer (ACIS, |Garmire et al.|2003)). These focal plane science
instruments, ACIS and HRC, are well matched to capture the sharp images formed by the mirrors
and to provide information about the incoming X-rays, i.e., their number, position, energy and
time of arrival. Two additional science instruments provide detailed information about the X-
ray energy, the LETG (Drake [2002) and HETG (Dewey||2003) spectrometers. These are grating
arrays which can be flipped into the path of the X-rays just behind the mirrors, where they
redirect the X-rays according to their energy. The X-ray position is measured by HRC or ACIS,
so that the exact energy can be determined. Fig. shows an illustration of the satellite with
its main devices.

All the data used in this work were retrieved from ACIS, which is composed by ten CCD
chips divided in two arrays (ACIS-S and ACIS-I, see Fig. [I.8). Two CCDs are back-illuminated
(BI) and eight are front-illuminated (FI). It provides imaging with a pixel size of 0.5 arcsec and

spectroscopy over the 0.2-10 keV energy range, i.e., this instrument is especially useful because
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Figure 1.7: Chandra X-ray observatory with its main devices - Taken from |Chandra
(http://chandra.harvard.edu/about/spacecraft.html).

it can make X-ray images, and at the same time, measure the energy of each incoming X-ray.
Indeed, the best of Chandra is that it has a superb spatial resolution of about 1-2 arcsec; for

this reason we used data from this instrument.

1.5.2 XMM Newton

This orbiting X-ray observatory was launched in December 1999 by the European Space Agency
(ESA). XMM-Newton has three advanced X-ray telescopes, each containing 58 high-precision
concentric mirrors which offer the largest possible collecting area. In addition, it carries five X-

ray imaging cameras and spectrographs, including two Reflection Grating Spectrometer (RGS,

den Herder et al.|2001)) readout cameras, the European Photon Imaging Camera (EPIC) which
includes the EPIC-pn (Turner et al|2001) and two EPIC-MOS (Striider et al.|[2001) imaging

detectors, and the data handling and power distribution units for the cameras, and an optical

monitoring (OM, [Mason et al.|2001) telescope. The observatory moves in a highly elliptical orbit,

traveling out to nearly one third of the distance to the Moon and enabling long, uninterrupted
observations of faint X-ray sources. Fig. [[.9shows an illustration of the XMM—-Newton satellite
with its main devices.

The data used in this work were obtained from the European Photon Imaging Camera (EPIC)
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Figure 1.8: ACIS instrument on board Chandra, including ACIS-S and ACIS-I - Taken
from Chandra (http://chandra.harvard.edu/resources/illustrations).
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Figure 1.9: XMM-Newton satellite with its main devices - Taken from XMM-Newton

Science Operations Centre (http://xmm.esac.esa.int).

detector, composed by a set of three X-ray CCD cameras. Two of the cameras are Metal Oxide
Semi-conductor (MOS) CCD arrays, and the third X-ray telescope has an unobstructed beam
and uses pn CCDs, thus is referred to as the pn camera. The two types of EPIC differ in some
major aspects, such as their geometries or the readout times. Fig. [[.10] shows the geometry of
each camera. There are seven CCDs in the focal plane of each MOS camera, with the central
CCD at the focal point on the optical axis of the telescope while the outer six are stepped
towards the mirror by 4.5 mm to follow approximately the focal plane curvature, and improve
the focus for off-axis sources. The pn camera is composed by twelve 3 x 1 cm CCDs on a single
wafer, having an imaging area of 6 x 6 cm and a pixel size of 150 x 150 microns (4.1 arcsec)
with a position resolution of 120 microns, resulting in an equivalent angular resolving capability
for a single photon of 3.3 arcsec. The best property of XMM—-Newton is its high sensibility, with

a good angular resolution (6 arc second FWHM); we used this instrument for this reason.

1.5.3 X-ray spectra of AGN

It is widely accepted that the accretion disc surrounding a SMBH produces an UV thermal
spectrum, whereas the lower energy photons are up-scattered to higher energies by relativistic

electrons in a hot corona above the accretion disc throughout inverse Compton scattering, pro-

ducing the X-rays (Haardt & Maraschi [1993). The intrinsic spectrum has a power law shape
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Figure 1.10: EPIC detector on board XMM—-Newton satellite - The EPIC-MOS cameras
are composed by seven CCDs each of 10.9 x 10.9 arcmin; the EPIC-pn camera is composed by 12
CCDs each of 13.6 x 4.4 arcmin. The circle diameter corresponds to 30 arcmin — Image courtesy of
Dr. Toala.
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with a photon index I' ~ 2 (e.g.,|Nandra & Pounds|1994; Nandra et al.[1997} Risaliti|2002} Cappi
et al.|2006). Since there is a limit in the energy of the relativistic electrons, the resulting inverse
Compton scattering will have a high-energy cut-off (Guainazzi et al.|[1999; Perola et al.2000;
Nicastro et al.2000). The origin of this component could be a two phase accretion disc, a cool
thick accretion disc with kT < 50 eV, and a hot thin corona with kT ~ 100 keV (Pozdnyakov
et al.|1983; [Mushotzky et al.|1993).
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Figure 1.11: X-ray reflection spectrum from an illuminated slab - Dashed line shows the
incident continuum (i.e., power law) and solid line shows the reflected spectrum (integrated over all

angles). Monte Carlo simulation from Reynolds| (1996]).

Within this model, the hard X-ray (power-law) continuum illuminates a semi-infinite slab
of cold gas, i.e., metal atoms are essentially neutral, but H and He are mostly ionised (e.g.,
Reynolds 1996). When a hard X-ray photon enters the slab, different possible interactions
can take place: 1) Compton scattering by free or bound electrons, 2) photoelectric absorption
followed by a fluorescent line emission, or 3) photoelectric absorption followed by de-excitation
(Bearden! [1967; Krolik & Kallman||1987; Matt et al||1991; |George & Fabian 1991). Due to
the energy dependence of photoelectric absorption, incident soft X-rays are mostly absorbed,

whereas hard photons are rarely absorbed and tend to Compton scatter back out of the slab,
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Figure 1.12: Schematic representation of the X-ray spectrum of unabsorbed AGN - The
components are explained in the text — Taken from Ricci et al. (2011), PhD thesis.

i.e., they are reflected. This cold reflection gives the spectrum a broad hump-like shape, peaking

at around 20-30 keV, where the reflection efficiency reaches its maximum (e.g., |Piro et al.|[1990)).

The measurement of the reflector is a difficult task because it depends on the intrinsic absorption

(observed at soft energies), the spectral slope of the power-law, and the cut-off (Ueda et al.|[2007}
|Comastri et al. 2010; [Eguchi et al|2009; Ricci et al.|2011). In addition, the spectrum shows

emission lines resulting primarily from fluorescent Ko lines of the most abundant metals; the
iron Ka line at 6.4 keV is the strongest of these lines (see Fig. . The line at 6.4 keV is
thought to be produced when the nuclear continuum radiation is reprocessed by circumnuclear
material. However, the origin of this circumnuclear material is still under debate, which may be
related to the accretion disc (Tanaka et al.|[1995; [Miniutti et al.|[2004; [Miniutti & Fabian|2006]),
or could be distant, cold matter such as the torus (Matt et al.|[1991)).

Another feature observed in the X-ray spectra of AGN are the warm absorbers, i.e., highly

ionised absorbers. These are usually observed in type 1 objects, with column densities up to

Ny ~ 10%2em™2, and often consisting on several zones of ionized gas (e.g., Nandra et al.|[1993,

and references therein).
Moreover, many AGN show a ‘soft X-ray excess’ at energies below ~ 2 keV, whose origin

is still under debate. Three models have been proposed to explain it: 1) an additional Comp-

tonization component (Dewangan et al.2007), 2) ionised reflection (Crummy et al|2006), or
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3) complex or ionised absorption (Done et al.2007)). At soft energies a thermal emission can
also be observed, with kT ranging from 0.1 to a few keV (Risaliti 2002; |Guainazzi et al.|[2005;
Gonzalez-Martin et al.[2009).
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Figure 1.13: Effect of X-ray absorption in the spectra of AGN - Taken from |Gilli et al.
(2007]).

The components explained above can be observed in Fig. where a schematic represen-
tation of unabsorbed AGN is described as a solid line, and its components are shown.

At X-ray energies around 10 keV, absorption by material associated to the interstellar
medium become noticeable. Due to this material, the primary continuum of the AGN is sup-
pressed by photoelectric absorption, which is energy-dependent and starts being effective at
column densities Ny ~ 10%'em™2. Fig. shows the effect when there is no absorption
(Ng < 10'8em=2), and when absorption becomes important (up to Ny ~ 102°cm=2). When
the absorbing column density reaches Ny = 1.5 x 10?4, the source is dominated by Compton
scattering and the continuum is completely suppressed below 10 keV. The sources with such a
high absorption are known as Compton-thick objects (Maiolino et al./[1998).

Although the components explained above are observable in AGN, in some cases not all the

components are required to fit their X-ray spectra. For example, |(Guainazzi et al. (2005) defined
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two “baseline” models for Compton-thin (thermal emission, unabsorbed power law, absorbed
power law, and Gaussian lines) and Compton-thick (thermal emission, power law, Compton
reflection, and Gaussian lines) objectsﬂ They concluded that all the components defined in the
models were not required to fit their data, consisting on 25 Seyfert 2s. The best example can be
seen in LINER nuclei, which have the lowest luminosities and therefore the lowest count rates.
The most extensive work to characterize the spectra of LINERs was carried out by |Gonzalez-
Martin et al.| (2006}, [2009), who studied samples of 51 and 82 LINERs, respectively. They defined
five different models consisting on a power law, a thermal component, and/or combinations of
these components; the most complex one being the “baseline” model for Compton-thin sources
defined by |Guainazzi et al| (2005)). Their results showed that the spectra of most LINERs
were well fitted with the “baseline” model, where 70% of the sample needed two power laws
and 95% of the sample needed a thermal component at energies below 2 keV, with a mean
value of kT ~ 0.6 keV. Therefore, 30% of the sources in their sample were fitted with simpler
models. It is interesting to introduce the way in which Brightman & Nandra, (2011) fitted the
spectra of different types of AGN. They started the spectral fitting only in the 2.5-10 keV energy
band using a single power-law representing the underlying continuum, and then added as many
components as required to each spectrum in the total 0.5-10 keV energy band, for instance

representing absorptions, warm absorbers, thermal plasmas, and/or reflection.

1.6 Variability

It is well established that variability is a common characteristic of AGN (Peterson|1997)). Indeed,
this property was discovered before the first quasars appeared (D’Onofrio et al.|[2012). Seven
years before the discovery of M. Schmidt, the Russian astronomer A. Deutsch noted that the
source 3C 48 showed optical variability while he was working at the Pulkovo observatory. By
that time, Deutsch did not believe his own result. It was two years later that he commented the
result at the TAU symposium in 1958.

Soon after the discovery of quasars by Schmidt| (1963), [Sharov & Efremov] (1963) submitted
the first paper on AGN optical variability of 3C 273, which varied by a magnitude of 0.7 over
the period between 1896-1960. Therefore, variability was one of the first recognized properties
of QSO (Smith & Hoffleit||1963; [Matthews & Sandage||[1963)). After that, variability became of
great interest and several scientists started to report their results (e.g., Burbidge & Burbidge
1965; |Goldsmith & Kinman|[1965; |Ozernoi & Chertoprud| 1966} |Angione| 1968} [Kinman et al.
1968). Moreover, as the variations were found to exhibit timescales as short as days, it implied

that the size of the emitting region must be of the order of light-days. Because the timescale

'Refer to Chapters 2 and 3 for details on the spectral models.
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of the variability gives information about the rate at which the region varies, it provides an
upper limit to the ratio between the size of the region and the velocity at which the changes
propagate. This statement was in fact critical in the argument that AGN are powered by SMBH
(see [Peterson||1997, for details).

Variability in Seyfert galaxies was reported a few years later by |[Fitch et al. (1967)) - although
for example de Vaucouleurs et al. (1964) noted that the magnitudes of NGC 3516, NGC 4051,
or NGC 4151 varied considerably, exceeding the photometric errors - but it was not as dramatic
as in the case of QSOs. The reason is that the first reports on variability were those of blazars,
which are remarkably different from other AGN because they are jet dominated (synchrotron
emission). Furthermore, blazars are the only sources detected at TeV energies, where they can
vary as much as a factor of 10 within one day.

During the next decades several monitoring programs at optical and UV wavelengths were
carried out with the participation of worldwide astronomers. NGC 4151 (Antonucci & Cohen
1983) and Akn 120 (Peterson et al.|1985) were two of those monitored sources whose variability
was studied.

It was in the 70s when X-ray variability was discovered from observations from the OSO-7,
UHURU, and Copernicus satellites (Davison et al.|[1975; |Winkler & White||1975). The light
curves of AGN fluctuate over wide range of timescales, ranging from hours to years. The
variations appear to be aperiodic (Netzer|2013). The most dramatic cases of variability are
observed in NLSy1s, that vary more rapidly and with larger amplitudes than other AGN (except
blazars). For example, IRAS 13224-3809 was monitored by ROSAT during 30 days, and showed
a factor of two variation in about 20 minutes, and five giant-amplitude ‘flares’, the largest with
an amplitude about a factor of 60 (Boller et al.|[1997)).

Variability studies of Seyfert galaxies revealed that almost all type 1s are variable while
there is a lower number of variable type 2s, and that variations at soft energies in type 1s
are greater than those observed at hard X-rays (Nandra et al.[1997; Turner et al.[1997). The
physical origin of the variations is still unknown, although it has been suggested that accretion-
disc instabilities or variations in the accretion rate may be involved (Uttley et al. 2005; |[Breedt
et al. 2010; McHardy| [2010; |Soldi et al.|2014)). On the other hand, it has been proven that
X-ray variations are in some cases related to clouds intersecting the line of sight of the observer,
producing eclipses, and thus giving information about these clouds (e.g., Risaliti et al. [2002,
2007, 2011; [Puccetti et al.||2007; [Sanfrutos et al. 2013).

On the contrary to what is expected for AGN, LINERs were supposed to be non-variable
objects (e.g., |[Ptak et al./[1998). In fact, the first clear evidence of variability in LINERs was
reported in 2005 at UV frequencies by [Maoz et al| (2005)). It was a few years later that X-ray
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variability studies of LINERs were carried out (Pian et al.|2010; |Younes et al. 2011; Gonzalez-
Martin et al.[2011), showing that they also share this property with other AGN.

Aside from the study of changes in the spectral shape or in the light curves of AGN, a useful
way to characterize variability is in terms of the power spectral density (PSD), the product of the
Fourier transform of the light curve and its complex conjugate, that describes the contribution
of variability structures with a given frequency to the total light curve variance. EXOSAT data
showed that X-ray variability is scale-invariant ‘red noiseﬂ (Lawrence et al.[1987)). In AGN, the
PSD is parametrized as a power law, P(f) = f~%, with 1 < a < 2 (McHardy|/1988]). The total
power in the variations is given by integrating the PSD over all frequencies. It was noted that
this PSD was very similar to those of galactic black hole X-ray binaries, although on a much

longer timescale.

1 I I I 1 I 1 I I I !

[* NGC5548,Fa rall 9, NGC4258 ‘
[* X-ray binary
[« Cyg X-1
[+AGN

log Tobserved (doys)
-9 0

-5 0
|Og Tpredicted (deS)

Figure 1.14: Ty — Mpy — Lbol plane - The predicted break timescales, Tp = 2.1log(Mpy) —
0.981og(Lpo;) — 2.32 against the observed break timescales, T,ps. Adapted from McHardy et al.
(2006).

The PSD was therefore very useful to establish a variability plane where BH of different
masses spanning about eight orders of magnitude are placed. It was McHardy et al. (2006) who
found that the variability time scale increases for bigger Mpy and/or lower Ly, establishing

the T — Mpp — Ly variability plane:

LA power density which decreases 6 dB per octave with increasing frequency (density proportional to 1 /f2)

over a frequency range which does not include direct current.
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Tp[days] = 2.1log(Mpp[10°Ma]) — 0.98log(Lyy[10*erg/s]) — 2.32 (1.5)

where Tg (i.e., Tpredicted) corresponds to a characteristic frequency of the PSD, vp, when the
spectral index bends from «a ~ 1 to ~ 2. The units are written into brackets in Eq.

This plane is represented in Fig. as in McHardy et al. (2006). They first used a sample
of 10 AGN (red circles in Fig. with well measured variability time scales, Mgy and Ly,
and derived the Tp — Mpp — Lyo plane. After, they included other AGN and X-ray binaries
in the plane, concluding that they follow the same mass-scaling relationship. This relation was
later reconfirmed by (Gonzalez-Martin & Vaughan (2012).

On the other hand, variability in different frequency bands is correlated, providing important
clues about the physics of the central radiation source, and the PSD has been used to estimate
time delays between different energy bands (e.g., Vaughan et al. [2003). Low frequency time
lags, or hard/positive lags (i.e., hard X-ray variations lagging soft X-ray variations), can be seen
in AGN and XRB, and are identified with propagation of fluctuations through the accretion
flow and associated corona. Moreover, reverberation time lags, or soft/negative lags (soft X-ray
variations lagging hard X-ray variations), have been detected in a few cases, and are interpreted
as due to the light travel time between changes in the direct coronal emission and correspond to
variations in its reflection from the accretion flow. These delays are detectable because the direct
and reflected components have different spectral shapes. Based on mass-scale dependencies, |De
Marco et al.| (2013 recently found a correlation between the BH mass and the soft time lag
for AGN spanning ~ 2.5 orders of magnitude, supporting the idea that these lags originate in
the innermost regions of AGN and are powerful tools for testing their physics and geometry.
This is a very recent topic at X-ray frequencies whose interest is increasing among the scientific

community (see Uttley et al.[|2014, for a review).

1.7 Motivation of this thesis

AGN cover nine orders of magnitude in Ly,. It is therefore a sensitive issue to establish a
luminosity limit to consider some of the nuclei being low luminosity AGN (LLAGN). Since this
limit is ill defined in the literature, we would like to start by defining what LLAGN means
in this thesis. Some authors have directly put a limit in their luminosity; e.g., Ptak| (2001))
considered LLAGN when L(2 — 10keV) < 10*2erg s=! and |Gu & Caol (2009b) when L(2 —
10keV) < 10%3erg s~!. The most recent review about LLAGN was written by [Ho (2008).
Instead of establishing a luminosity limit, he argued that its review is centered in nearby galaxies,
thus by selection effects, most of the objects occupy the faintest end of the AGN luminosity

function — therefore including LINERs and Seyfert galaxies. In a similar way, our selection of
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LLAGN was carried out by selecting nearby objects (redshifts lower than 0.05) from their optical
classifications as LINERs and Seyfert 2s. The X-ray luminosities of LLAGN in our study ranges
between 10%® and 10%3 erg s~ 1.

At their most extreme manifestation, LLAGN emit a billion times less light than the most
powerful known QSOs. When QSOs were first recognized, the most challenging question was
to explain their huge luminosities. Ironically, fifty years later the problem has been reversed,
the questions now are, why do LLAGN have such low luminosities? Are LINERs the lowest
luminosity regime of the AGN family, i.e., a scaled-down version of Seyfert galaxies?

Variability has been, and still is, a powerful tool for the study of AGN, since it is capable of
constraining the physics surrounding SMBH. Nonetheless, although it is well established that
variability is a common property of AGN, it is under debate whether every AGN vary in the
same way, or in the same timescales, or if there are differences in the variations of type 1/ type 2
objects. Furthermore, variability can give clues on the physics of AGN and help understanding
the properties of the accretion disc, the physical scales at which the dusty torus is located or
provide information about the existence or not of the BLR and the torus itself in these sources.
For these reasons, this thesis is focused on a systematical X-ray variability study of LLAGN,
including LINERs (Chapter 2, see also Hernandez-Garcia et al.[2013|and Hernandez-Garcia et al.
2014)) and Seyfert 2s (Chapter 3, see also Hernandez-Garcia et al.|2015)), in order to be able to
obtain their variability patterns, as well as to disentangle whether the same kind of variations
are observed in different types of optically selected AGN. Moreover, the spectral and variability
analyses performed during this work allow us infer the physical properties of LLAGN and the
comparison between these families also gives clues on the structure of AGN (Chapter 4).

AGN are not the only objects emitting at X-rays. Many AGN are indeed located in high
galaxy density regions, from small galaxy groups to big galaxy clusters, whose X-ray emission
originates from hot plasma. Therefore, it is important to take into account the contribution of
the cluster emission when the nucleus to be studied is located within this hot plasma, because
it can affect our measurements. Chapter 5 is devoted to the characterization of some galaxy
groups and clusters to properly decontaminate the nuclear emission from the cluster emission.
Furthermore, we use a sample of galaxy groups and clusters to determine the number of AGN
located within each structure.

Extragalactic sources of special interest at X-rays are the so called ultraluminous X-ray
sources (ULXs), which emit luminosities of L(2 — 10keV) ~ 103%erg s~1, very similar to those
observed in LINER nuclei. We develop a variability study on these sources in Chapter 6. This
is important because, although it is well established that the spectral properties of ULXs are
completely different to those of AGN (Sutton et al.|2013]), we might misinterpret an ULX within
our line of sight as an AGN. Thus, studying spectral and variability properties of ULXs will



29 1.7 Motivation of this thesis

give us the knowledge to differentiate the two kind of sources. Moreover, their origin is still
unknown and different possibilities have been suggested to explain it, including stellar mass or
intermediate mass BHs. Since it has been suggested that BHs of very different masses might
be powered by the same emission mechanism (McHardy et al.|2006}; Uttley et al. 2014), both
possibilities are exciting and might relate ULX with the long-sought loose end between the lower
mass objects, X-ray binaries, and the higher mass sources, AGN.

Finally, the conclusions obtained from this work are summarized in Chapter 7. Since giving
answer to some questions in science always opens the door to new mysteries which researchers
want to discover, future prospects derived from this work are presented in Chapter 8. Other
works in which I have participated during the development of this thesis are included in Chapter
9.
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LINERS

LINERs were first recognized by Heckman et al. (1980), who noticed that they might be
the low luminosity end of the AGN family distribution. A long debate hold about the ionization
mechanism of these sources during the following decades, which can be explained by a power-law
continuum (Ho et al. 1993), shock ionization (Dopita & Sutherland 1995), or photoionization by
post-AGB stars (Cid-Fernandes et al. 2011), among others. Although today it is most accepted
that LINERs are LLAGN, some people still doubt the AGN origin of some LINERs (Singh et
al. 2014). Thus, X-ray analyses are crucial to confirm their AGN nature.

The most extensive work made for LINERs has been carried out by Gonzalez-Martin et
al. (2006,2009a,2009b), which was focused in understanding the nature of the energy source
observed in LINERs (see also Sambruna et al. 2003; Satyapal et al. 2004, 2005; Dudik et al.
2005). Their analysis was mainly performed at X-ray energies but is complemented by data at
UV and radio frequencies. They demonstrated that 60% of the sample composed by 82 LINERs
showed a compact unresolved nuclear source at high X-ray energies (4.5-8.0 keV). When taking
into account multiwavelength properties, this percentage raised up to 90% of the sample showing
evidence of hosting AGN.

One of the main properties characterizing AGN is the variability of their nuclei throughout
the electromagnetic spectrum (Peterson 1997). Therefore, whether LINERs are truly AGN can
be reinforced by studying this property. We focus our work at X-ray frequencies as they are pro-

duced close to the SMBH and have much smaller effect of obscuration than at other wavelengths,
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such as optical or infrared. The spectral fit of individual observations are carried out following
the methodology of Gonzalez-Martin et al. (2009b). The study of X-ray variability is performed
by using data at different dates of the same source, so we can search for spectral variations at
short and long-term timescales. We complement our work by searching for variations at UV
frequencies using the OM on board XMM-Newton. Variations at UV frequencies in LINERs
have been previously reported by Maoz et al. (2005).

This chapter is composed by two papers which are already published in Astronomy & As-
trophysics. The first one was published in 2013 and is focused on the development of the
methodology used to characterize the variability and its application to a few number of sources.
After proving that it is worth using the methodology in a well-selected sample of LINERs, the
second paper collects the results obtained for the systematic study of variability in a sample of

LINERs selected at optical wavelengths. It was published in 2014.
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ABSTRACT

Context. One of the most distinctive features in active galactic nuclei (AGN) is the variability of their emission. Variability has been
discovered at X-ray, UV, and radio frequencies on timescales from hours to years. Among the AGN family and according to theoretical
studies, low-ionization nuclear emission line region (LINER) nuclei would be objects variable on long timescales.

Aims. Our purpose is to investigate spectral X-ray variability in LINERs and to understand the nature of these types of objects, as
well as their accretion mechanism.

Methods. Chandra and XMM-Newton public archives were used to compile X-ray spectra of seven LINER nuclei at different epochs
with timescales of years. To search for variability we fit all spectra from the same object with a set of models to identify the parameters
responsible for the variability pattern. We also analyzed the light curves to search for short timescale (from hours to days) variability.
Whenever possible, UV variability was also studied.

Results. We found spectral variability in four objects (NGC 1052, NGC 3226, NGC 4278, and NGC 4552), with variations mostly
related to hard energies (2—10 keV). These variations are generated by several possible changes that act either alone or in combination:
changes in the soft excess or in the absorber. Added to this can be intrinsic variations of the source, which may also be responsible by
themselves for the spectral variability. These variations occurred within years, the shortest timescale being found for NGC 4278 (two
months). Another two galaxies (NGC 4261 and NGC 5846) apparently do not vary. No short timescale variations during individual
observations were found. Our analysis confirms the previously reported anticorrelation between the X-ray spectral index, I', and the
Eddington ratio, Lyo/Lgda, and also the correlation between the X-ray to UV flux ratio, @, and the Eddington ratio, Ly /Lgqqe. These

results support an advection dominated accretion flow as the accretion mechanism in LINERs.

Key words. galaxies: active — X-rays: galaxies — ultraviolet: galaxies

1. Introduction

The plethora of phenomena present in an active galactic nu-
cleus (AGN) shows energetic processes in the nuclei of galax-
ies that cannot be attributed to stars (Peterson 1997). The uni-
fied model for AGN (Urry & Padovani 1995; Antonucci 1993)
represents a scenario where the central, supermassive black
hole (SMBH) is surrounded by a dusty torus; depending on the
line of sight of the observer, the AGN appears as type 1 (pole-
on view) or type 2 (edge on view). However, even if, broadly
speaking, the unified model is a good representation of AGN,
there are a number of objects that still cannot be fitted with this
scheme. This is the case of low-ionization nuclear emission line
regions (LINERs), which are the main topic of this research.
First defined by Heckman (1980), LINERs were charac-
terized in the optical, where their spectra show strong low-
ionization lines such as [OI] A 6300 A and [SII] A4 6717, and
6731 A (Veilleux & Osterbrock 1987). Different options have
been proposed to explain the ionization mechanism in LINERs,
such as shock-heated gas (Dopita & Sutherland 1995), photoion-
ization by hot stars (Terlevich & Melnick 1985), by post-main-
sequence stars (Cid-Fernandes et al. 2011), or a low-luminosity

* Tables 2-11 and Appendices are available in electronic form at
http://www.aanda.org

Article published by EDP Sciences

active galactic nuclei (LLAGN, Ho et al. 1993). Currently, the
most accepted option is that they harbor AGN (see Ho 2008;
Mairquez 2012).

X-ray data for LLAGN offer the most reliable probe of
the high-energy spectrum, providing many AGN signatures
(D’Onofrio et al. 2012). It can be assessed that an AGN is
present in LINERs when a point-like source is detected at hard
X-ray energies (Satyapal et al. 2004, 2005; Dudik et al. 2005;
Ho 2008). The most extensive work has been carried out by
Gonzalez-Martin et al. (2009b), who analyzed 82 LINERs with
Chandra and/or XMM-Newton data for single-period observa-
tions. These authors found that 60% of the sample showed a
compact nuclear source in the 4.5-8 keV band; a multiwave-
length analysis found that about 80% of the sample showed evi-
dence of AGN-related properties, which is a lower limit because
Compton-thick objects were not taken into account.

It is tempting to view LINERs as a scaled-down version of
Seyfert galaxies, but in fact they are qualitatively different from
their neighboring class (Ho 2008). LINERs have lower lumi-
nosities (Ly_10kev = 10°°=10*? ergs™), lower Eddington ra-
tios (Lpot/LEaa ~ 107), and more massive black holes (Mpy =~
10% My, Eracleous 2010; Masegosa et al. 2011).

Variability is one of the main properties that characterizes
AGN, most of which are at least mildly variable. When quasars

A47, page 1 of 31
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were first discovered in the 1960s (Schmidt 1963), one of their
key defining properties was their variability. These objects are
variable over the entire wavelength range, many of them vary-
ing by 0.3-0.5 mag over timescales of a few months, and oth-
ers varying significantly on timescales as short as a few days
(Peterson 1997). Variability properties seem to correlate with
AGN power; in quasars, variations very likely result from both
accretion disk instability and microlensing, while in Seyfert
galaxies the brightness of the nucleus is thought to vary, the
broad-line region (BLR) responding to these changes a few
weeks later (D’Onofrio et al. 2012).

At X-ray frequencies many studies have been made with the
aim of understanding variability in Seyfert galaxies. Risaliti et al.
(2000) studied the highly variable Seyfert 1.8 galaxy NGC 1365,
which was observed for many years with different instruments;
they also found variability in the Seyfert galaxy UGC 4203 us-
ing Chandra data (Risaliti et al. 2010). They suggested a sce-
nario in which the variability is produced by clouds intersecting
the line of sight to the observer. Evans et al. (2005) found that
the 2—10 keV luminosity for NGC 6251 varied a factor of ~5
from 1991 to 2003. More recently, Caballero-Garcia et al. (2012)
showed that the five Seyfert galaxies studied with Swift/BAT
showed flux variability on timescales of 1-2 days. Narrow-
line Seyfert 1 galaxies (NLSy1) also show variability in X-rays
(Panessa et al. 2011; Risaliti et al. 2011).

As stated by Ptak et al. (1998), “LINERSs tend to show lit-
tle or no significant short-term variability (i.e., with timescales
less than a day)” (see also Krolik 1999). The first clear evidence
of variability in LINERs was reported by Maoz et al. (2005) at
UV frequencies, where all but three objects in their sample of
17 LINERSs of type 1 and 2 appeared variable. Pian et al. (2010)
and Younes et al. (2011) investigated type 1 LINERs at X-ray
energies and also found that variability is a common property
of LINERs. Gonzalez-Martin et al. (2011a) studied a Suzaku
observation of 80 ks of the Compton-thick LINER NGC 4102,
and found two absorbers from the soft X-rays and the optical
spectrum. They found variations of the soft-excess flux within
about seven years compared whith Chandra data. This variation
was described by a decrease in the normalization of the power-
law component and the thermal component by a factor of ~7.
Therefore it is important to characterize the phenomenon fully,
both the scale and magnitude of the variability. Taking the pre-
dictions by McHardy et al. (2006) that the timescale variations
scale with black-hole masses, Mgy, and bolometric luminosities,
Lo, Gonzalez-Martin & Vaughan (2012) estimated timescales
longer than tens of days in LINERs.

This paper is organized as follows: in Sect. 2 we present the
sample and the data. The reduction of the data is explained in
Sect. 3. Our methodolody is described in Sect. 4, where indi-
vidual and simultaneous spectral fittings, comparisons of differ-
ent appertures, flux variability in X-rays and UV frequencies,
and short-term variability subsections are explained. The results
from this analysis are given in Sect. 5, and we discuss them in
Sect. 6. Finally, our main results are summarized in Sect. 7.

2. Sample and data

For the sample of 82 LINERs of type 1 and 2 in Gonzalez-Martin
et al. (2009b) we searched in the current literature for hints
of variability by means of differences in luminosity when dif-
ferent observations are considered. We used the HEASARC!
archive to search for different observations with Chandra and

' http://heasarc.gsfc.nasa.gov/
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XMM-Newton, with publicly available data until October 2012.
This analysis provided 16 candidate variable sources. The
four ultraluminous infrared galaxies (ULIRG) in this pri-
mary selection (NGC 3690, NGC 6240, IRAS 17208-0014, and
UGC 08696) were discarded since our aim is to deal with typ-
ical pure LINERs (see Ho 2008), not contaminated by strong
star formation where other ionization sources could be at work.
NGC4636 was also discarded because its X-ray emission is
dominated by the cluster emission. We also rejected all observa-
tions affected by pile-up higher than 10% (Chandra data obser-
vations for objects namely NGC 4579, NGC 3998, NGC 4594,
and NGC 6251 and three Chandra observations of NGC 4278).
Finally, to guarantee a proper spectral fitting we kept only ob-
servations with at least 400 number counts. An exception was
made for obs ID 11269 of NGC 4278, which met this criterion,
but visual inspection revealed a very low count number in the
hard band.

The final sample of LINERs contains seven objects. Table 1
shows the general properties of the target galaxies for this study
and Table 2 the log of the observations. Number of counts and
hardness ratios, defined as HR = (H-S)/(H+S), where H is the
number of counts in the hard (2—10 keV) band and S is the num-
ber of counts in the soft (0.5-2 keV) band, are also presented. For
five sources, NGC 1052, NGC 3226, NGC 4261, NGC 4278, and
NGC 5846, observations at different epochs were taken with the
same instrument, providing us with good examples for variabil-
ity studies. In the other two sources, NGC 3627, and NGC 4552,
we can estimate variability only by comparing XMM-Newton
with Chandra data. These results should be viewed with cau-
tion because of the different apertures used by both instruments.
A detailed study of the extended emission is made for these two
objects (see Sect. 4).

3. Data reduction

Data reduction was performed following the procedure de-
scribed by Gonzdlez-Martin et al. (2009b). We recall the
methodology here.

3.1. Chandra data

Chandra observations were obtained with the ACIS instru-
ment (Garmire et al. 2003). The data reduction and analy-
sis were carried out in a systematic, uniform way using CXC
Chandra Interactive Analysis of Observations (CIAO?), ver-
sion 4.3. Level 2 event data were extracted by using the task
ACIS-PROCESS-EVENTS. We first cleaned the data from back-
ground flares (i.e., periods of high background) that could af-
fect our analysis. These “flares” are due to low-energy photons
that interact with the detector. To clean them we used the task
LC_CLEAN.SL?, which removes periods of anomalously low (or
high) count rates from light curves from source-free background
regions of the CCD. This routine calculates a mean rate from
which it deduces a minimum and maximum valid count rate,
and creates a file with the periods that are considered by the
algorithm to be good.

Nuclear spectra were extracted from a circular region cen-
tered on the positions given by NED*. We chose circular
radii, aiming to include all possible photons, while exclud-
ing other sources or background effects. The radii are in the

2 http://cxc.harvard.edu/ciao4.4/
3 http://cxc.harvard.edu/ciao/ahelp/lc_clean.html
4 http://ned.ipac.caltech.edu/
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Table 1. General properties of the sample galaxies.

Name Other name RA Dec Redshift  Dist. NGa mp E(B—-YV) Morph. type
(Mpc)  (em™)
(D 2 3 ) ) (6) @) 3 © (10)
NGC 1052 024104.80 +081520.8  0.0049 19.41 0.0307 11.436 0.027 E
NGC 3226 UGC5617 102327.01 +195354.7  0.0059 23.55 0.0214 12.339 0.023 E
NGC 3627 M 66 112015.03 +125929.6 0.00242 10.28 0.0243  9.735 0.033 SABD(s)
NGC4261 UGC7360 12192322 +054930.8 0.00737 31.62 0.0155 11.35 0.018 E
NGC 4278 M 98 1220 06.83 +291650.7 0.00216 16.07 0.0177 11.042 0.029 E
NGC 4552 M 89 123539.81 +123322.8  0.0038 1535  0.0257 10.67 0.041 E
NGC 5846 UGC9705 150629.29 +013620.2 0.00622 24.89 0.0426 11.074 0.056 E

Notes. Names (Cols. 1 and 2), right ascension (Col. 3), declination (Col. 4), redshift (Col. 5), distance (Col. 6), galactic absorption (Col. 7), aparent
magnitude in the Johnson filter B (Col. 8), reddening (Col. 9) and galaxy morphological type (Col. 10). All distances are taken from Tonry et al.
(2001) except that for that NGC 3627, which was taken from Ferrarese et al. (2000).

range between 3-8 (or 6-16 pixels, see Table 2). The back-
ground selection was made taking regions free of sources in
the same chip as the target and close to the source (5" for
NGC 3627, NGC 4278, NGC 4261, and NGC 4552, and 7” for
NGC 5846 and NGC 3627) to minimize effects related to the
spatial variations of the CCD response.

We used the DMEXTRACT task to extract the spectra of
the source and the background regions. The response matrix
file (RMF) and ancillary reference file (ARF) were generated for
each source region using the MKACISRMF and MKWAREF tasks,
respectively. Before background subtraction, the spectra were
binned to have a minimum of 20 counts per spectral bin, to be
able to use the y?-statistics. This was made with the GRPPHA
task included in FTOOLS.

3.2. XMM-Newton data

All XMM-Newton observations were obtained from the EPIC pn
camera’. The data were reduced in a systematic, uniform way
using the Science Analysis Software (SAS®), version 11.0.0.
Before extracting the spectra, good-timing periods were se-
lected (i.e., flares were excluded). The method used for this pur-
pose maximizes the signal to noise ratio of the net source spec-
trum by applying a different constant count rate threshold on the
single-events, E > 10 keV field-of-view background light curve.
The nuclear positions were taken from NED, while the extrac-
tion region was determined through circles of 25" radius and
the background was determined with an algorithm that selects
the best circular region around the source, that is free of other
sources and as close as possible to the nucleus. This automatic
selection was checked manually to ensure the best selection for
the backgrounds.

We extracted the source and background regions with the
EVSELECT task. RMFs were generated using the RMFGEN task,
and the ARFs were generated using the ARFGEN task. We then
grouped the spectra to obtain at least 20 counts per spectral bin
using the GRPPHA task, as is required to use the y>-statistics.

3.3. Light curves

Light curves in the 0.5-10 keV band for the source and
background were extracted using the DMEXTRACT task for

5 EPIC pn is the most efficient camera because X-ray photons hit the
detector from the rear side, avoiding cross-calibration problems be-
tween the pn and MOS cameras (Striider et al. 2001).

% http://xmm.esa.int/sas/

XMM-Newton and EVSELECT task for Chandra with a 1000 s
bin. The light curve from the source was manually screened
for high background and flaring activity. This means that when
the background light curve showed flare-like events and/or
prominent decreasing/increasing trends, we did not use those
intervals. After rejecting the respective time intervals, the total
useful time for each observation was usually shorter than the
original exposure time (see Table 2). The light curves are shown
in Figs. C.1-C.7, where the solid line represents the mean value
of the count rate and the dashed lines represent 1o standard
deviation.

4. Methodology

The spectral fitting process comprises two steps: (1) individual
analysis of each observation to determine the best fit for each
spectrum; and (2) simultaneous fitting of the set of spectra of the
same object at different epochs. We used XSPEC’ version 12.7.0
for the spectral fitting.

4.1. Individual spectral analysis

We performed an individual study of the best-fit model for
each observation. For this, we followed the method used by
Gonzalez-Martin et al. (2009b), where five different models were
used:

1. ME: a pure thermal model (MEKAL in XSPEC). The ther-
mal emission is responsible for the bulk of the X-ray energy
distribution. The free parameters in this model are the col-
umn density, Ny, the temperature, k7, and the normalization,
Norm.

2. PL: a single power law model, which corresponds to a non-
thermal source representing an AGN. The column density,
Ny, is added as a free parameter to take the absorption by
matter along our line of sight to the target into account. The
free parameters in this model are the column density, Ny, the
slope of the power law, I', and the normalization, Norm.

3. 2PL: a model containing two power laws with the same
slope, I'. Here the bulk of the hard X-rays is due to a primary
continuum described by a power law, and the soft X-rays
come from a scattering component described by the other
power law. The free parameters in this model are the column
densities, Ny and Ny, the slope of the power-law, I', and
the normalizations, Norm; and Norm,.

7 http://heasarc.gsfc.nasa.gov/xanadu/xspec/
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4. MEPL: a composite of a thermal plus a single power law
model. The AGN dominates the hard X-rays, but the soft
X-rays require an additional thermal contribution. The free
parameters in this model are the column densities, Ny, and
N, the temperature, k7', the slope of the power law, I', and
the normalizations, Norm; and Norm,.

5. ME2PL: a composite of a thermal plus two power law model.
This model is like MEPL, but including the contribution of
the thermal emission at soft X-rays. This is the Compton-thin
Seyfert 2 baseline model used by Guainazzi et al. (2005).
The free parameters in this model are the column densities,
Ny, and Ny, the temperature, k7', the slope of the power
law, I', and the normalizations, Norm, and Norm,.

For models 2PL, MEPL, and ME2PL we used two absorbers,
Nui and Nyp. These absorbers are included in the models as
abs(NHl)*PL + abS(NHz)*PL, abs(NHl)*Mekal + abS(NHz)*PL,
and abs(Ny;)*(PL) + Mekal + abs(Ny»)*PL. The Galactic ab-
soption was included in each model and was fixed to the pre-
dicted value (Col. 7 in Table 1) using the NH tool within FTOOLS
(Dickey & Lockman 1990; Kalberla et al. 2005). We searched
for the neutral iron fluorescence emission line, FeKa, adding a
narrow Gaussian with centroid energy fixed at the observed en-
ergy corresponding to a rest frame at 6.4 keV. Two Gaussians
were also included to model the recombination lines FeXXV at
6.7 keV and FeXXVTI at 6.95 keV.

We imposed the following conditions to the resulting best-fit
parameters to ensure a physical meaning to the best-fit solutions:
I'>0.5, Ny > Ngal and Ny > Ny

We selected as the best fit the spectral fitting with y?/d.o.f.
closer to unity and an F-test probability lower than 1075 com-
pared with a simpler model (Box 1953). Thus, the best-fit model
is the simplest model that represents the data.

4.2. Simultaneous spectral analysis

The aim of this analysis is to detect variability and study the
physical parameters governing its pattern for these sources. For
that we simultaneously fitted the spectra for each object to the
same model. The baseline model for this simultaneous fit was
the best fit obtained for the individual fitting of the observations.
When the best fit for individual sources did not match all ob-
servations, we used the most complex one. For each galaxy, the
initial values for the parameters were set to those obtained for
the spectrum with the largest number of counts.

The simultaneous fit was made in three steps. First, every
spectrum was fitted with the same model and all parameters
linked to the same value (SMFO0). If this model was able to fit
all spectra, the source is not variable. SMFO was used as the
baseline model for the next step otherwise. Second, we let the
parameters Ny, Nmo, I, Norml, Norm2, and kT vary individ-
ually (SMF1). Among these we chose the best fit as that with
x> = x*/d.o.f. closest to the unity, which improved the SMF0
fit (using the F-test). The result of SMF1 was used as the base-
line model for the next step. Finally, we also included the pos-
sibility that two parameters could vary together to explain the
variability pattern of the sources. For that purpose we fitted each
set of data, letting the parameter found as the best fit in SMF1
vary together with any of the other parameters of the fit (SMF2).
Again, the y? and F-test were used to determine whether this ad-
ditional complexity of the spectral fitting resulted in a significant
improvement of the final fit.

The final best fit could be (1) SMFO: the best simultaneous
fit with each parameters tied together for all observations (i.e.,
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non-variable source); (2) SMF1: in the best simultaneous fit only
one parameter was allowed to vary among the observations; and
(3) SMF2: the best simultaneous fit was that with two parameters
allowed to vary during the observations.

A higher complexity of the spectral fitting (e.g., three pa-
rameters allowed to vary) was not required for our data set (see
Sect. 5).

4.2.1. Different appertures

When data from Chandra and XMM-Newton were used together,
an additional analysis was performed to ensure that the extra-
nuclear emission did not produce the observed variability.

First, we extracted a spectrum from Chandra data with an
aperture radius of 25”. Second, a spectrum of an annular re-
gion was extracted from Chandra data, whith Rey = 25 and
Rine = Rchandra (Col. 4 in Table 2). When the contamination
by the annular region to the 25” Chandra data emission was
higher than 50% in the 0.5-10.0 keV energy band (see Sect. 5),
we did not consider the joint analysis since the accuracy of the
derived parameters could be seriously affected. For lower con-
tamination levels, we considered that Chandra data could be
used to estimate the contribution of the annular region to the
XMM-Newton spectrum. We extracted the Chandra spectrum in
that ring (from Rjy to Rex) and fitted the five models explained
in Sect. 4.1. Then we included the resulting model, with its cor-
responding parameters frozen, in the fit of the XMM-Newton nu-
clear spectrum (the circular region with R.), and extracted the
parameters for the nuclear emission. Appendix B.1 shows the
images corresponding to the data used for this analysis, where
the different apertures are shown. This analysis was made for all
the seven objects with Chandra and XMM-Newton spectra taken
on similar dates.

4.3. Flux variability

We computed X-ray luminosities for the individual and simul-
taneous fits. UV luminosities were also obtained when possible
(see below).

4.3.1. X-ray luminosities

We computed the X-ray luminosities and sigma errors for the
soft and hard bands using XSPEC. Note that distances of the
sources were taken from NED. We assumed a given object as
variable if the luminosity variation was stronger than 30 and as
non-variable when its variations were below 1o

4.3.2. UV luminosities

Simultaneous XMM-Newton Optical Monitor (OM)? data were
used to compute the UV luminosities. This monitor has three
different filters in the UV range, UVW2 centered at 1894 A
(1805-2454) A, UVM?2 centered at 2205 A (1970-2675) A, and
UVWI at 2675 A (2410-3565) A. We used these three filters
whenever possible.

We used the OM observation FITS source lists” to obtain the
photometry. We checked that the photometry using IRAF and

8 http://xmm.esac.esa.int/external/xmm_user_support/
documentation\discretionary-/technical/0M/

9 ftp://xmm2.esac.esa.int/pub/odf/data/docs/
XMM-SOC-GEN-ICD-0024.pdf
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the Vega magnitude system and calculating the luminosities by
using SAS to estimate the count rate gave similar results. When
OM data were not available, we searched for UV information in
the literature (see Appendix A).

When simultaneous observations from X-rays and UV with
XMM-Newton were available, we computed the X-ray to UV flux
ratio defined as

_ log(Ly/Luv)
log (vi/vuv)’

where Lyy were computed from UVM2 and UVW]1 filters
and Lx was computed using the integral

(D

ox

2.0 keV (1-I)
F.(0.5-2.0keV) = f F,(2keV) ( ) dv, 2)
0.5 keV V2 keV
leading to
L(0.5-2.0keV) 2-T
L(2keV) = . 3
( ¢ ) V2 keV 1-0.252T ( )

4.4. Short timescale variability

We analyzed the light curves for each observation to check for
variability on short timescales in the sample.

Assuming a constant count rate for the whole observation,
we calculated the y?/d.o.f. test as a first approximation to the
variations. We considered the source to be variable if the count
rate differed from the average above 30 (or 99.7% probability).

To check the variability amplitude of the light curves, we
calculated the normalized excess variance, 0'12\1x5~ We followed
prescriptions given by Vaughan et al. (2003) to estimate o-ﬁXS
and its error, err(a'f\lxs) (see also Gonzalez-Martin et al. 2011b):

§? - ( g,rr>
s = 7@;; )
2 grr ? grr 4o
CIT(O'Iz\Ixs) = Jﬁ (<ZC>2>) + <0—N > <0;CI\;)2(S 5 (5)

where x, ooy and N are the count rate, its error and the number
of points in the light curve, respectively, and S 2 is the variance
of the light curve,

1 N
§%=—— % (x5 — (x)% (6)

5. Results
5.1. Individual objects

Here we present the results of the variability of the seven sources
individually. General results are given in Sect. 5.2. Each subsec-
tion describes the following: the observations used in the anal-
ysis (Table 2), variations of the hardness ratio (from Col. 8 in
Table 2), individual and simultaneous best fit and the param-
eters varying in the model (see Tables 3-5 and Fig. 1), X-ray
flux variations (see Table 6 and Fig. 2), the analysis of the an-
nular region when data of Chandra and XMM-Newton were
used together (Table 7 and Appendix B.1), and the simulta-
neous fittings of these observations (Table 8), short-term vari-
ability from the analysis of the light curves (see Table 9 and
Appendices C.1-C.7), and UV luminosities when simultaneous
data from the OM monitor was available (Table 10, Fig. 2).

Moreover, a summary of the variability is given in Table 11.
Notes and comparisons with previous works for individual
objects are included in Appendix A.

5.1.1. NGC 1052

We used one Chandra and four XMM-Newton observa-
tions. These four XMM-Newton observations were taken from
August 2001 to August 2009, and the Chandra observation was
taken in August 2000 (see Table 2).

Variations of 33% (10%) in HR were obtained between the
first and the last XMM-Newton (Chandra) observations (see
Col. 8 in Table 2).

The individual fits gave ME2PL as the best fit. In this case
SMF2 was used, because it is the best representation of the ob-
served differences (see Fig. 1) when varying Norm, and Ny,
(see Tables 3-5). Variations were 49% (Norm;) and 31% (Nu»)
between the first and the last observations.

In Fig. 2, variations of the soft and hard intrinsic lumi-
nosities of the simultaneous fitting are presented. At soft ener-
gies we found variations at 8.30" (20%), and at hard energies
at 7.50 (20%) over a period of eight years. The strongest vari-
ation for Norm, was found between the second and the third
observation (see Table 5) with an interval of three years, where
both soft and hard luminosities varied by 12% and 29% respec-
tively (see Table 6). The strongest variation for Ny, was obtained
between the first and the second observation (see Table 5) with
a 32% change in four years.

We compared the Chandra observation from 2000 with the
XMM-Newton observation from 2001 (see Fig. B.1), follow-
ing the prescriptions given in Sect. 4.2.1. The spectral analysis
of Chandra data was included in Tables 5 and 6, which gave
ME2PL as the best fit. The annular region represented a 10% of
the 25” Chandra aperture luminosity in the 0.5-10 keV band.
The Chandra data for the 25" radius circular region provided in-
trinsic luminosities representing 22% (75%) for the soft (hard)
energy of the emission from XMM-Newton data (see Table 6).
After taking into account the contribution from the annular re-
gion, the analysis indicated no changes in one year period (see
Tables 7 and 8) in the nuclear emission.

According to the values of sz and o showed in Table 9, the
analysis from the light curves did not show short timescale vari-
ations (see Fig. C.1), in either the XMM-Newton or the Chandra
data, because variations were below 30-.

In Fig. 2 UV luminosities (Table 10) are represented for the
UVW?2 and UVM?2 filters. Variations at 7.3¢ (or 16-25%) and 20
(or 2-23%) were obtained, respectively.

5.1.2. NGC 3226

We used two XMM-Newton observations in November 2000
and December 2006 and one Chandra observation from
December 1999.

Variations in the HR of 100% were obtained both from the
Chandra and the XMM-Newton data (see Col. 8 in Table 2).
However, Obs ID 0400270101 from XMM-Newton was not used
for the discussion (see below).

The observation from 2000 gave as best fit the 2PL model,
while that from 2006 was best fitted with the PL. The simulta-
neous spectral fitting was better represented by the 2PL model
varying Ny (i.e., SMFI, Fig. 1), with a 74% amplitude vari-
ation. The resulting parameters (see Tables 5 and 6) indicate
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Fig. 1. continued.

that X-ray soft and hard intrinsic luminosity variations were
below 1o over a period of six years.

We compared the Chandra observation from 1999 with the
XMM-Newton observation from 2000. The spectral analysis of
Chandra data was included in Tables 5 and 6. The contri-
bution from the annular region to the 25" aperture Chandra
data was 20% in the 0.5-10.0 keV band. The Chandra spec-
trum extracted with 25" aperture represented 62% (70%) of the
XMM-Newton soft (hard) emission (Table 7). When the contribu-
tion from the annular region was taken into account, the simulta-
neous fit resulted in variations of Ny, (93%) and Norm, (57%),
with 37% (81%) variations in the soft (hard) energies in a
one-year period (Table 8).

We analyzed short timescale variability from individual light
curves by calculating y* and o (see Table 9 and Fig. C.2 (up)).
Data from 2006 showed x> = 4.7 and a normalized excess
variance onxs = 1.8 + 0.1 x 1072, indicating variability (see
Fig. C.2, upper-right). However, NGC 3227 is a strongly vari-
able Seyfert 1 located 2’ from NGC 3226. Thus, we analyzed
the possibility that NGC 3226 was contaminated by its emission.
We extracted a light curve from NGC 3227 and from a circular
region between both galaxies close to NGC 3226 (background)
and found the same pattern of variability. In Fig. C.2 we present

the light curves for the background (middle-left) and NGC 3227
(middle-right), and the XMM-Newton image (down). The nor-
malized excess variance for the background light curve was
onxs = 1.5+0.5x 1072 Therefore, we conclude that NGC 3226
might be contaminated by emission from NGC 3227, so its
short timescale variability cannot be assessed. Only UVWI
observations are available from OM (see Table 10 and Fig. 2),
with a 10-12% variation (7.40).

5.1.3. NGC 3627

We used one XMM-Newton observation in May 2001 and an-
other Chandra observation in March 2008 (see Table 2). We
recall that different apertures (8” for Chandra and 25" for
XMM-Newton) were used to extract the nuclear spectrum.

Since observations were obtained with different instruments,
comparisons of HR were avoided.

According to y?2, both spectra were individually best-fitted
with the MEPL model. The best simultaneous fit implied vari-
ations in Ny (Fig. 1), from no absorption to Ny = 1.28 X
10?2 cm™? in a seven-year period (i.e., SMF1, Table 5). Even
if observed fluxes vary, when computing intrinsic luminosities
(see Table 6) for this model we obtained variations below 1o in
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Fig. 2. Intrinsic luminosities calculated for the soft (0.5-2.0 keV) and hard (2.0-10.0 keV) energies in the simultaneous fitting and UV luminosities
obtained from the data with the OM camera onboard XMM-Newton, when available.

the soft and hard energies, indicating no variations in seven years
(Fig. 2).

To compare Chandra and XMM-Newton data, we carried out
the analysis explained in Sect. 4.2.1. The contribution of the an-
nular region to the 25” aperture Chandra spectrum is ~92%
in the 0.5-10 keV band (see Table 7). Thus we assumed that
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XMM-Newton data were strongly contaminated by emission sur-
rounding the nucleus, which avoided the joint use of Chandra
and XMM-Newton data for this object (see Sect. 4.2.1).

The analysis of the light curves did not show short timescale
variability (see Table 9 and Fig. C.3), since all measures were
below 20 from the average.



49

L. Hernandez-Garcia et al.

: X-ray variability in LINERs

5.1.4. NGC 4261

We used two Chandra (May 2000 and February 2008)
and two XMM-Newton observations (December 2001 and
December 2007) for this object. Given the different resolutions
in both sets of observations, we first performed the analysis sep-
arately (see Table 2).

Variations of 19% and 0% in HR were obtained for Chandra
and XMM-Newton, respectively (from Col. 8 in Table 2).

The best fit for the Chandra spectra is the ME2PL model
from the individual analysis. The simultaneous fit without al-
lowing to vary any parameter (i.e., SMFO) resulted in a good
fit (y?/d.o.f. = 1.27). Varying one parameter did not improve
the final fit. Therefore, the source seemed to be non-variable
(see Table 5 and Fig. 1). X-ray luminosity variations were be-
low 1o for the soft and the hard bands over a period of eight
years (Table 6 and Fig. 2).

The individual analysis of the two observations with
XMM-Newton again gave the ME2PL model as best fit, and vari-
ations in the parameters did not improve the fit (i.e., the best fit
was SMFO0). Thus, we obtained a non-variable source (Table 5
and Fig. 1). X-ray luminosity variations were below lo in a
six-year period in this case (Table 6 and Fig. 2).

To compare data from Chandra and XMM-Newton, the pro-
cedure explained in Sect. 4.2.1 was applied to this object. We
compared obs ID 9569 from Chandra and obs ID 0502120101
from XMM-Newton data (Fig. B.1) since they are the closest
in time. The contribution of the emission from the annular re-
gion was 37% in the 0.5-10 keV band emission in the 25"
aperture Chandra data. Intrinsic luminosities of the 25" aper-
ture Chandra spectrum represented 37% (66%) of the soft (hard)
emission from XMM-Newton data. The simultaneous fit between
these data taking into account the annular contribution resulted
in a non-variable object (Table 8).

To check for short timescale variability we analyzed the
light curves for each observation (see Table 9 and Fig. C.4).
No short time variability was detected for this object, since all
measurements were below 20 from the average.

Considering the UV range (Table 10), the variations
amounted to 9-11% (10.30°) in the UVWI filter and 28-39%
(9.30) in the UVM?2 filter (see Fig. 2).

5.1.5. NGC 4278

We only used three of the nine observations taken by Chandra
in March 2006, February 2007, and April 2007, and the
XMM-Newton observation in May 2004 (Table 2).

HR variations amounted to 4% for the runs with useful spec-
troscopic Chandra data. Taking into account all observations
from Chandra, 40% HR variations were found between 2000
and 2010 (from Col. 8 in Table 2).

Our best fit for Chandra data was the MEPL model with
Norm, varying (i.e., SMF1, see Fig. 1). This parameter varied
by 30% between the first and the last observation (about one year
apart) (Table 5). X-ray intrinsic luminosity variations (Table 6)
were within 11.20 (9.60) for the soft (hard) energies. This cor-
responded to variation amplitudes of 26% (29%, see Fig. 2). It
is remarkable that the flux varied by 11% (13%) between the
second and third observations (two months apart), with a 13%
variation in Normy, for the same period (Tables 5 and 6).

We compared the XMM-Newton observation in 2004 with the
Chandra observation in 2006, which is the closest in time (see
Fig. B.1). We applied the procedure explained in Sect. 4.2.1. The
spectral analysis of XMM-Newton spectrum, included in Tables 5

and 6, gave the PL as the best-fit model. The contribution of the
annular region is 38% in the 0.5-10.0 keV band to the emis-
sion in the 25" aperture Chandra data. The Chandra spectrum
extracted with 25” aperture represented 25% (20%) of the soft
(hard) XMM-Newton emission. When the contribution of the an-
nular region was taken into account, the resulting I" agreed with
that from XMM-Newton data (see Table 7). The simultaneous fit
shows 15% of variations in the normalization of the PL along
two years (Table 8).

The analysis of the light curves (see Table 9 and Fig. C.5)
did not show short timescale variability, either in Chandra or in
XMM-Newton data.

5.1.6. NGC 4552

We used a Chandra observation taken in April 2001 and an
XMM-Newton observation taken in July 2003. We recall that
different apertures were used (3" for Chandra and 25" for
XMM-Newton data).

Since observations were obtained with different instruments,
comparisons of HR were avoided.

Both observations needed MEPL for the individual best fit.
When varying parameters, the best fit was obtained when Norm;
and Normy, varied (i.e., SMF2, y?> = 1.21, see also Fig. 1),
with 93% and 78% amplitude variations (see Table 5). We found
intrinsic luminosity variations at 21.50 (14.10) in the soft (hard)
energies, i.e., 87% (79%) amplitude variations in a period of two
years (Table 6).

The Chandra image of this object revealed many X-ray
sources surrounding the nucleus (see Fig. B.1). The contribution
of the annular region to the 0.5-10.0 keV band emission in the
25" aperture Chandra data was 23%. Extraction from Chandra
data with 25" aperture resulted in a 72% (60%) emission of the
soft (hard) XMM-Newton data. The simultaneous fit resulted in
a variable object, where Norm; (21%) and Norm;, (37%) varied,
with 29% (37%) flux variations in the soft (hard) energies (see
Fig. 2 and Table 8).

No short timescale variations were found (see Table 9 and
Fig. C.6).

5.1.7. NGC 5846

We used two observations from XMM-Newton (January and
August 2001) and other two observations from Chandra
(May 2000 and June 2007). The analysis was first made sepa-
rately because of the different apertures (see Table 2).

HR Variations of 1% and 6% were obtained for
XMM-Newton and Chandra data, respectively (from Col. 8 in
Table 2).

For the Chandra observations, we only made the analysis up
to 3 keV because of the low count-rate at hard energies. In this
case SMFO was used, resulting in a non-variable source when
fitting the MEPL model (Table 5 and Fig. 1) with flux variations
below 1o during a period of seven years (Table 6 and Fig. 2). The
XMM-Newton data did not show variability (the best-fit model is
MEPL, see Table 5 and Fig. 1), and flux variations below 10 on
the soft and hard energies for a period of seven months (Table 6).

The contribution to the 0.5-10.0 keV band emission from the
25" aperture Chandra data was 73% from the annular region,
which avoided the joint use of Chandra and XMM-Newton data
for this object. No short timescale variability was found for this
object (see Table 9 and Fig. C.7). The availability of UV data for
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a single epoch precludes any attempt to gain information on its
variability.

5.2. Spectral variability

A rough description of the spectral shape is provided by HR.
Consequently, a first approximation of the spectral variations can
be obtained from the variation of HR. The use of HR allows in-
cluding observations whose number of counts are not enough
for a proper spectral fitting. Because the calculation of HR is
based on number counts, we only used data coming from the
same instrument for comparisons. We considered that variations
greater than 20% (20 error) in HR may correspond to variable
objects (NGC 1052, NGC 3226, and NGC 4278). Note that vari-
ations in HR weaker than 20% can be found in variable objects,
because the variations in soft and hard energies may have dif-
ferent signs and somewhat average each other out in the final
calculation of HR.

The individual fitting of each observation revealed that com-
posite models (2PL, MEPL or ME2PL) were needed in all cases.
A thermal component was used in six objects, all of them with
kT =~ 0.60 keV.

We fitted all available data for the same object and model,
varying different parameters to obtain information on the vari-
ability pattern. Figure 1 shows the best fit (top panel) with
the residuals of the individual observations (bottom panels).
To analyze the data from Chandra and XMM-Newton data
jointly, we estimated the influence of extra-nuclear emission
on the results (see Sect. 4.2.1). For two objects (NGC 3627
and NGC 5846) the contamination by emission surrounding the
nucleus in XMM-Newton data was so high (up to 50%) that
we avoided the comparisons in these cases. For the remaining
five sources (NGC 1052, NGC 3226, NGC 4261, NGC 4278, and
NGC 4552), the joint analysis was attempted.

Two objects are compatible with being non-variable sources,
namely NGC 4261 and NGC 5846. For these two objects the
same conclusion is reached if we isolate the analysis of Chandra
and XMM-Newton data, both with similar spectral parame-
ters (see Table 5). Moreover, NGC 3627 was no longer used
for the discussion, since contamination prevents any variabil-
ity analysis. Four objects are variable, NGC 1052, NGC 3226,
NGC 4278, and NGC4552. NGC 1052 and NGC 3226 showed
variations in Ngy (31% and 93%) and Norm;, (49% and 57%)
(in eight and one years), while NGC 4278 showed changes in
Norm, (30%) (in three years). NGC 4552 showed variations in
Norm; (21%) and Norm; (37%) in a two-year period. All vari-
ations occur at hard energies and are related to the absorber
and/or to the nuclear power. Even if the small number of sources
precludes any statistical characterization, there does not seem to
exist any clear relation with either the LINER type (1 or 2) or to
the Eddington ratios (see Table 11). A larger sample of LINERs
is needed to search for any variability pattern to be eventually
more frequently observed than others.

5.3. Flux variability

X-ray soft and hard luminosities (see Table 6) are shown in
Fig. 2. Two objects are compatible with no variations of the
central engine (NGC4261, and NGC 5846). Four sources are
compatible with being variable, NGC 1052 with 20% variations
in both bands, NGC 3226 with 37% (81%) variations in the
soft (hard) band, NGC 4278 with 26% (29%) variations in the
soft (hard), and NGC 4552 with 29% (37%) variations in the soft
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(hard) band. Sources showing flux variability in the soft and hard
bands also showed spectral variability (see Sect. 5.2).

We also studied the UV variability for the sources by
studying UV and X-ray data obtained simultaneously with
XMM-Newton (available for three galaxies). All of them are
variable at UV frequencies (see Table 10 and Fig. 2). XMM-
OM provided UV fluxes at three epochs for NGC 1052; ~20%
variations were obtained with the filters UVW2 and UVM?2.
NGC 3226 was observed with the filter UVW1, showing 11%
variation. NGC4261 was observed with the filters UVW1
and UV M2, with 10% and 33% variations, respectively. Two ob-
jects, NGC 1052 and NGC 3226, showed UV and spectral vari-
ability, while another one, NGC 4261, showed UV variability but
no spectral variability.

5.4. Light curves

Table 9 provides the values for y? (and the probability of vari-
ability) and the o-ﬁXS. Objects are considered to be variable when
the count rates are different 30~ from the average. No short-term
variability (from hours to days) was found in our sample'”.

6. Discussion

We have performed an X-ray spectral analysis to search for
variability in seven LINER nuclei, three type 1.9 (NGC 1052,
NGC3226, and NGC4278) and four type 2 (NGC3627,
NGC4261, NGC4552, and NGC5846). We used data from
Chandra and XMM-Newton satellites with observations at dif-
ferent epochs. Whenever possible, we made the analysis sepa-
rately for each instrument to avoid corrections due to different
apertures. The results obtained for the long-term variability of
NGC 3627 will not be used for the discussion (see Sect. 5.1.3).
Our main results are the following:

— Short-term variability: No variations were found on
timescales from hours to days.

— Long-term variability: Four out of the six objects
(NGC 1052, NGC 3226, NGC 4278, and NGC4552) were
variable in X-rays on timescales from months to years. The
shortest variation is found for NGC 4278 on timescales of
two months. Simultaneous observations in the UV for three
objects (NGC 1052, NGC 3226, and NGC4261) revealed
variations on timescales of years.

— Main driver for the variability: Among the variable sources,
NGC 4278 presented variations in Norm,, NGC4552 in
Norm; and Norm,, and NGC 1052 and NGC 3226 in Ny
and Normy. In all variable LINERSs variations occur at hard
energies.

6.1. Short and long timescale variability

In our sample of LINERs we analyzed variability from hours
to days (short-term) from the analysis of the light curves for
each observation (see Col. 6 in Table 2), and from months to
years (long-term) from the simultaneous fitting of the different
observations (see Col. 10 in Table 11).

Concerning short timescales, Pian et al. (2010) studied four
type 1 LINERs and found variations of 30% in a half a day
in NGC 3998, and 30% variations in the hard (1-10 keV)
X-rays in ~3 h in M 81. The other two sources in their sample

10 Note that we did not take into account obs ID 0400270101 from
NGC 3226 (see Sect. 5.1.2).
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(NGC 4203 and NGC4579) showed no short timescale variabil-
ity. The power spectral density (PSD) profiles of the 14 LINERs
included in the sample of 104 AGN in Gonzilez-Martin &
Vaughan (2012), showed no short-term variability except for two
objects (3C218 and NGC 3031). All these studies suggest that
about 20% of LINERs show short timescale variability. This per-
centage approaches zero in our own study, since none of our
seven sources showed short timescale variability, according to
the sz and the normalized excess variance, o-ﬁxs, (see Table 9).
Younes et al. (2010) found variability in ~1.5 h for NGC 4278 on
the XMM-Newton observation, where the flux increased by 10%.
Using the same observation, we found a 3% flux increase in the
same period, and a null probability of being a variable source.
The difference is most probably due to the different appertures
used in the analysis. Adding all studied LINERs from this and
previous papers, the percentage of variable LINERs at short
timescales is 16%.

Long-term spectral variability is clearly found for four ob-
jects in our sample. NGC 1052 needed variations in Ny (49%)
and Norm;, (31%) in a period of eight years, NGC 3226 also
varied Ny (93%) and Norm, (57%) in a period of one year,
NGC 4278 varied Norm, (30%) in a period of one year, and
NGC 4552 varied Norm; (21%) and Norm, (37%) in two years.

Long-term variability is common among LINERs. Younes
et al. (2011) studied a sample of type 1 LINERs, where seven
out of nine sources showed long-term variability (i.e., months
and/or years). Two of their objects are in common with our sam-
ple, NGC 3226 and NGC 4278. We found similar spectral char-
acteristics and the same parameters varying for both objects. For
NGC 3226, they found that Ny varied by 72% and Norm var-
ied by 48% when fitting a simple power law. This is similar to
our results, although we used two absorbers instead of one. They
found flux variations of 49% (46%) in the soft (hard) band be-
tween the Chandra and XMM-Newton observations, while we
found 37% (81%), the differences most probably due to the dif-
ferent models used. For NGC 4278 they used seven public obser-
vations from the archive, while we only used three. Despite this,
the same spectral variation was found (Norm;). Younes et al.
(2010) found for NGC 4278 a 31% (20%) variation at soft (hard)
energies, where we found 26% (29%) variation for the same ob-
servations. Pian et al. (2010) found long-term variability in two
of their four type 1 LINERs using Swift data. Therefore, long-
term variability is found in ~65% of the LINERs, significantly
more than that of LINERSs at short timescales.

Three types of long-term X-ray variability patterns have
been found in our sample: (1) variations in the soft excess
(NGC4552); (2) variations of the obscuring matter (NGC 1052
and NGC3226); and (3) variations of the intrinsic source
(NGC 1052, NGC 3226, NGC 4278, and NGC4552). As for
NGC4552, variations at soft energies have already been re-
ported in the literature for the type 2 LINER NGC4102
(Gonzdlez-Martin et al. 2011a). This behavior is seen in type
1 Seyferts, where absorption variations are related to a par-
tially ionized, optically thin material along the line of sight
to the central source, the so-called warm absorber (Reynolds
1997, Petrucci et al. 2013). The variations due to the Ny of
the X-ray absorbing gas that we see in two sources are well
established for many famous type 2 Seyferts. These variations
are thought to be related to the motion of clouds perpendic-
ular to the line of sight of the observer to the AGN. These
clouds produce partial eclipses of the AGN over time. In some
cases, the fast movement of the clouds places them at the dis-
tance of the BLR, although in other cases the clouds seem to
be located at farther distances (few parsecs) from the AGN

(e.g. NGC 1365 Risaliti 2002; Risaliti et al. 2007, 2010; Braito
et al. 2013). The timescale of the Ny variations in our sam-
ple are consistent with this latter scenario. The most com-
mon pattern of variability among the LINERs in our sample
(four cases) is the change on the intrinsic continuum of the
source. McHardy et al. (2006) found that the timescale of the
intrinsic variability increases for larger masses of the black
hole and/or lower bolometric luminosities for objects whose
variability is related to the nuclear power''. According to the
revised relation between the BH mass, bolometric luminosi-
ties and timescales of variations, Gonzalez-Martin & Vaughan
(2012) predicted that LINERs (with Mgy ~ 103~ M) do not
vary on timescales shorter than tens of days. Applying their
formula to our four objects, predicted values for NGC 1052,
NGC 3226, NGC 4278, and NGC 4552 were 13.3, 28.2, 118.0,
and 449.9 days (see Table 11 for the values of Myy and L),
that is, timescales of days, months, and years were expected
for these objects. This agrees with our results for NGC 4278
and NGC 4552. Unfortunately, we have no observations within
days for NGC 1052 and NGC 3226, we were only able to search
for variations on timescales from months to years. Moreover,
for NGC 1052, NGC 3226, and NGC 4552 coupled variations'?
were obtained. A study of a larger sample of LINERs is required
to constrain the timescale of the intrinsic variability for these
sources and be able to understand whether LINERs match in the
same scenario as more powerful AGN.

A first approximation of the variations can be obtained
by analyzing the hardness ratios. We considered differences
in HR larger than 20% as a measure of spectral variation.
For NGC 1052, HR varied 33% between the first and last
XMM-Newton observations and no variation was found for
HR over the five-year period observed by Chandra. These re-
sults are compatible with flux variations obtained when ana-
lyzing XMM-Newton data. NGC 3226 presents HR differences
over 100% in Chandra data. For NGC4278 total HR varia-
tions amount to 40% when using all available Chandra data,
although the results from the Chandra data used for spectral
analysis appear to be compatible with no variations. NGC 4261
and NGC 5846 are compatible with being non-variable objects,
both with XMM-Newton and Chandra data, and with both anal-
yses, spectroscopic and HR. NGC 4261 shows HR differences
of 19%, which seem to be compatible with the flux variations
obtained through the individual analysis of the source.

Variability among LINERS is not restricted to X-rays. Maoz
et al. (2005) was the first to show variability at UV frequencies
in LINER galaxies, where all but three objects in their sample
of 17 LINERs of type 1 and 2 were variable. From the liter-
ature, we found different studies for the LINERSs in our sam-
ple using HST data (see Appendix A for details). Cappellari
et al. (1999) studied FOC data for NGC 4552, and found a fac-
tor 4.5 brightening between 1991 and 1993 (filter F342W), fol-
lowed by a factor ~2 dimming between 1993 and 1996 (fil-
ters F175W, F275W and F342W). Maoz et al. (2005) studied
both NGC 1052 and NGC 4552, concluding that both of them
were variable on timescales of years. NGC 4278 was studied
by Cardullo et al. (2008), who found a luminosity increase
of a factor 1.6 over six months. UV data were not available
for the remaining two objectsin our sample (NGC 3627 and

1" Although the dependence on the bolometric Iuminosity does not
seem to be so strong according to Gonzdlez-Martin & Vaughan (2012).
12 Variations are needed for more than one parameter in the spectral
fitting.
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NGC 5846). Thus, from the seven LINERs in our sample five
seem to be variable at UV frequencies. Simultaneous X-rays and
UV data were obtained from XMM-Newton data for three ob-
jects (NGC 1052, NGC 3226, and NGC 4261), all showing vari-
ability, whereas intrinsic variations in X-rays were not found
for NGC4261. A possible explanation for this source’s non-
simultaneous X-ray and UV variation could be time lags in
both frequencies. Time lag explanations have previously been re-
ported for the NLSy1 galaxy NGC 4051 by Alston et al. (2013).
Repeated simultaneous observations at X-rays and UV frequen-
cies are required to verify this model.

6.2. Accretion mechanism

It has been suggested in the literature that the accretion mecha-
nism in low-luminosity active galactic nuclei (LLAGN) is dif-
ferent from that in more powerful AGN (e.g., Seyferts), and
more similar to that in X-ray binaries (XRB) in their low/hard
state (Yamaoka et al. 2005; Yuan et al. 2007; Gu & Cao 2009;
Younes et al. 2011; Xu 2011). The X-ray emission is supposed
to originate from the Comptonization process in advection-
dominated accretion flow (ADAF), where accretion is inneficient
for Lpoi/Leqg < 1073, At low accretion rates, the infalling mate-
rial may never cool sufficiently to collapse into a thin disk (as
is the case for efficient radiation), and an advection-dominated
flow from the outermost radius down to the black hole could
be formed (Narayan & Yi 1994). In powerful AGN a positive
correlation between the hard X-ray photon index, I', and the
Eddington ratio, Ly /Lgga Was found by Shemmer et al. (2006),
who argued that the hard X-ray photon index depends primarily
on the accretion rate. In contrast, according to the results pro-
vided by Mahadevan (1997), the lower the accretion rate, the less
efficient is the cooling by Comptonization and the X-ray region
of the spectrum becomes softer and reaches lower luminosities.
In this case a negative correlation between these magnitudes has
been found for LLAGN (Gu & Cao 2009; Younes et al. 2011)
and also for XRB. We present these parameters for each indi-
vidual observation in our sample of LINERs in Fig. 3, where
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resents that by Gu & Cao (2009), both shifted
to the same bolometric correction (see text).

the negative correlation is shown. Log (Lpo1/Lgqq) Were calcu-
lated following the formulation given in Eracleous et al. (2010),
using Lyo = 33Lr-10 kev. We corrected the equation given by
Younes et al. (2011) by this factor (they used Lyo; = 16L3-10 kev)
and plotted it as a solid line. Our results are consistent with
the correlation given by Younes et al. (2011) for their sample
of type 1 LINERs. Emmanoulopoulos et al. (2012) found for
the first time a “harder when brighter” (i.e., higher luminosities
for harder spectra) X-ray behavior for the LLAGN NGC 7213,
where they found variations in I'. However, we did not find this
behaviour for any of the sources in our sample, Fig. 3 showing
the consistency of our simultaneous fittings with no variations
inT.

We also computed the X-ray-to-UV-flux ratio, a.x (see
Sect. 4.3.2). We calculated these values for all sources with si-
multaneous observations at X-ray and UV (see Table 10), ob-
taining values of @ between [-0.81,—-1.66], in good agreement
with previous studies (Maoz 2007; Younes et al. 2012). Although
they are similar to the a,x given for powerful AGN, these values
were slightly lower (Maoz 2007). This may indicate the lack or
absence of the “big blue bump”.

When a,x could be calculated more than once (NGC 1052
and NGC 4261), no variations were found within the errors.

Another indication of a different emission process between
powerful AGN and LINERs could be the positive correlation
found by Younes et al. (2012) between aox and log (Lvo1/LEda),
in contrast with the anticorrelation found for powerful AGN. To
compare the results from Younes et al. (2012) and ours, we re-
calculated log (Lyoi/ Lgdq) for the sample in Younes et al. (2012)
following the relation given by Eracleous et al. (2010) and using
the data from Younes et al. (2011). In Fig. 4 we plot this rela-
tion (see Table 10), where the symbols used for the sources from
Younes et al. (2012) are stars. The results agree well, indicat-
ing a correlation between aox and log (Lpoi/Lgqdq). Younes et al.
(2012) suggested that this behavior can be understood within the
framework of radiatively inefficient accretion flow models, such
as ADAF.
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7. Conclusions References

A spectral variability analysis of seven LINER nuclei was per-
formed using public data from Chandra and XMM-Newton. The
main conclusions of this paper can be summarized as follows:

1. Variations greater than 20% in the hardness ratio always cor-
respond to objects showing spectral variability.

2. Individual fits of each observation provided composite mod-
els as the best fit (2PL, MEPL, and ME2PL).

3. No short timescale variability was found, in agreement with
predictions.

4. Spectral X-ray variability was found in four out of six ob-
jects. In all of them variations occurred at hard energies due
to the absorber and/or the nuclear source, and variations in
the soft energy were found only in NGC 4552. These varia-
tions occur on timescales of months and/or years. The short-
est timescale was found for NGC 4278, with variations of
two months.

5. We found an anticorrelation between the X-ray spectral in-
dex, I', and the Eddington ratio, Lyo/Lgaa. We also found
a correlation between the X-ray to UV flux ratio, a.x, and
the Eddington ratio, Ly /Lg4q. Both relations are compati-
ble with inefficient flows being the origin of the accretion
mechanism in these sources.
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Table 2. Observational details.

NGC 1052
Satellite Obs ID Date Radius  Exptime Net Exptime Counts HR OM
(@) (ks) (ks) (0.5-10 keV)
€] @ 3 “) 5) () ) ® ®
XMM-Newton® 093630101 2001-08-15 25 16.3 11.2 5818 0.2820.06  No
XMM-Newton 306230101  2006-01-12 25 54.9 44.8 25565 0.3470.03  Yes
XMM-Newton 553300301  2009-01-14 25 523 424 27367 0.3970.02  Yes
XMM-Newton* 553300501  2009-01-14 25 8.0 5.4 320 - No
XMM-Newton 553300401  2009-08-12 25 59.0 46.8 30643 0.4270.02  Yes
Chandra (ACIS-S)* 385  2005-09-18 3 2.4 2.3 270 0.36 7 0.24 -
Chandra (ACIS-S)* ¢ 5910  2000-08-29 3 60.0 59.2 6549 0.40 £ 0.04 -
NGC 3226
XMM-Newton® 0101040301  2000-11-28 15 40.1 30.2 6514 0.35%0.04  Yes
XMM-Newton 0400270101  2006-12-03 15 107.9 93.1 28 199 -0.3270.01  Yes
Chandra (ACIS-S)* ¢ 860  1999-12-30 3 47.0 46.6 476 0.530.12 -
Chandra (ACIS-S)* 1616  2001-03-23 3 2.5 22 193 —-0.20 * 0.31 -
NGC 3627
XMM-Newton® 0093641101  2001-05-26 25 11.2 5.1 1181 -0.6370.02  Yes
Chandra (ACIS-S)* 394 1999-11-03 8 1.8 1.8 7 - -
Chandra (ACIS-S)* 9548  2008-03-31 8 50.2 49.5 964 —-0.40 * 0.05 -
NGC 4261
Chandra (ACIS-S) 834 2000-05-06 3 352 34.4 3465 -0.58 £ 0.01 -
Chandra (ACIS-S)* 9569  2008-02-12 3 102.2 100.9 7757 -0.47*0.01 -
XMM-Newton 0056340101  2001-12-16 25 332 21.3 10730 -0.68 £ 0.01  Yes
XMM-Newton® 0502120101  2007-12-16 25 127.0 63.0 32156 -0.68 £ 0.01  Yes
NGC 4278
Chandra (ACIS-S)* 398  2000-04-20 3 1.4 1.4 303 —0.55*0.05 -
Chandra (ACIS-S)* 4741  2005-02-03 3 37.9 37.5 20% pileup - -
Chandra (ACIS-S)* 7077  2006-03-16 3 111.7 110.3 9182 —-0.66 * 0.01 -
Chandra (ACIS-S)* 7078 2006-07-25 3 52.1 51.4 18% pileup - -
Chandra (ACIS-S)* 7079 2006-10-24 3 106.4 105.1 16% pileup - -
Chandra (ACIS-S) 7081  2007-02-20 3 112.1 110.7 7591 —-0.66 * 0.01 -
Chandra (ACIS-S) 7080  2007-04-20 3 56.5 55.8 3379 —-0.69 * 0.01 -
Chandra (ACIS-S)* 11269  2010-03-15 3 83.0 81.9 2091 -0.8210.01 -
Chandra (ACIS-S)* 12124 2010-03-20 3 26.2 25.8 576 -0.92 *0.01 -
XMM-Newton* ¢ 0205010101  2004-05-23 25 359 20.8 34516 -0.60 £ 0.01  Yes
NGC 4552
Chandra (ACIS-S)* 2072 2001-04-22 3 55.1 54.4 2288 -0.75*0.01 -
XMM-Newton® 0141570101  2003-07-10 25 44.8 17.3 12180 -0.8170.01 Yes
NGC 5846
XMM-Newton® 0021540101  2001-01-25 25 30.0 25.6 25905 —0.9470.01  Yes
XMM-Newton! 0021540501  2001-08-26 25 19.7 10.0 10027 -0.9570.01 Yes
Chandra (ACIS-S)* 788  2000-05-24 7 30.3 29.9 1839 -0.94 ¥ 0.01 -
Chandra (ACIS-I) 7923 2007-06-12 7 91.2 90.0 2307 -0.88 * 0.01 -

Notes. Instrument (Col. 1), obs ID (Col. 2), date (Col. 3), aperture radius for the nuclear extraction (Col. 4), total exposure time (Col. 5), net
exposure time (Col. 6), number of counts in the 0.5-10 keV band (Col. 7), hardness ratio (Col. 8), data from the optical monitor available (Col. 9).
) Observations were not used for the simultaneous fittings. ¢ Observations used to compare XMM-Newton and Chandra data. © Observation
with only optical OM data (UV not available).
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Table 3. F-test and y?/d.o.f. applied to the SMFO.

Name Instrument Best fit  Test vS. (Ng1)  vs. (Np)  vs. (kT) vs. (I vs. (Normy) vs. (Norm,)  Var.
(D 2 3 4 ) (6) @) (&) © (10) (11)
NGC 1052 XMM  ME2PL  F-test 1 2.29e-113 0.07 8.5071e-114 - 5.27e-128 Norm;
y*/d.o.f. 1.31 1.10 1.26 1.10 - 1.07
NGC 3226 XMM 2PL F-test 3.83e-158 1.3462e-194 - 0.09 2.58e-139  2.58e-139 Nuo
x*/d.o.f. 1.18 0.98 - 2.57 1.30 1.30
NGC 3627 XMM/Ch MEPL  F-test 3.25e-20 8.24e-26  8.90e-10 0.05 2.17e-17 1.68e-25 N
y*/d.o.f. 2.27 1.63 4.21 6.54 2.76 1.71
NGC 4261 Chandra ME2PL  F-test 0.90 0.12 0.40 0.94 0.30 0.96 None
y*/d.o.f. 1.27 1.26 1.26 1.27 1.26 1.27
XMM  ME2PL  F-test 0.09 0.39 0.34 0.92 - 0.75 None
y*/d.o.f. 1.18 1.18 1.18 1.18 - 1.18
NGC 4278 Chandra MEPL  F-test  1.75e-07 1.03e-08  1.01e-07  4.94e-06 5.27e-18 6.73e-46  Norm;
y*/d.o.f. 1.53 1.51 1.53 1.56 1.36 1.00
NGC 4552 XMM/Ch MEPL  F-test 3.22e-128 4.13e-90  1.06e-53  1.45¢-03 5.70e-133 6.76e-94  Norm,
x*/d.o.f. 4.01 6.82 11.35 22.7 3.75 6.47
NGC 5846  XMM MEPL  F-test 1 1 4.02e-04 0.38 0.05 0.66 None
x*/d.o.f. 1.29 1.29 1.26 1.29 1.28 1.29
Chandra MEPL  F-test 1 0.12 0.46 0.63 0.56 0.31 None
x*/d.o.f. 0.97 0.95 0.97 0.97 0.97 0.96
Notes. When no variation in one parameter is needed, we marked it as “—". Name (Col. 1), instrument (Col. 2), best-fit model (Col. 3), statistical

test (Col. 4), parameter varying with respect to SMF0 (Cols. 5-10) and the parameter that varies in SMF1 (Col. 11).

Table 4. F-test and y?/d.o.f. applied to the SMF1.

Name Instrument Var. Test vs. (Ng1)  vs. (Nygp)  vs. (kT) vs. (I vs. (Normy)  vs. (Normy) Var.

(H (2) 3) 4) (5) (6) ) (3) ) (10) (11)

NGC 1052 XMM Normy, F-test 1 2.94e-10 0.03 4.12e-04 - N
y*/d.of. 1.07 1.05 1.07 1.06 -

NGC 3226 XMM N F-test 1.59¢-03 - 3.84e-07 1.75e-06 1.33e-06 None
¥*/d.of. 0.97 - 0.96 0.96 0.96

NGC 3627 Both N F-test 2.46e-03 0.35 0.01 1 2.92e-03 None
y*/d.of. 1.46 1.63 1.52 2.44 1.47

NGC 4278 Chandra Norm, F-test 1 1 0.13 0.62 0.96 None
y?/d.o.f. 1.00 1.00 0.99 1.00 1.00

NGC 4552 Both Norm, F-test 0.93 0.94 0.02 4.17e-10 4.15e-24 Norm,
y*/d.of. 1.65 1.65 1.62 1.50 1.28

Notes. When no variation in one parameter is needed, we marked it as

@ 9

. Name (Col. 1), instrument (Col. 2), the parameter varying in SMF1

(Col. 3), statistical test (Col. 4), parameter varying with respect to SMF1 (Cols. 5-10) and the parameter that varies in SMF2 (Col. 11).

A47, page 16 of 31



57 L. Hernandez-Garcia et al.: X-ray variability in LINERs

Table 5. Final compilation of the best-fit models for the sample, including the individual best-fit model for each observation, and the simultaneous
best-fit model with the varying parameters.

Instrument ObsID Best fit N N kT r Norm, Norm, ¥*/d.of.
(102 cm™) (102 cm™) keV (107%) (107%)
(1) (2) (3) 4) (5 (6) (7) (8) ) (10)
NGC 1052
XMM-Newton 093630101 ~ ME2PL - 13771578 06209 12413 105513 609455 269.16/234
XMM-Newton 306230101 ~ ME2PL - 930382 050035 130136  1.051% 7208 799.19/822
XMM-Newion 553300301 ~ ME2PL - 8962 0.6109 138143 109l 10.16!131  923.38/869
XMM-Newion 553300401 ~ ME2PL - 9.470% 053061 143145 110 1202332 1006.47/937
Chandra (3" 5910 ME2PL - 53308 06429 121146 037047 057100 261.04/226
Chandra (25" y* 5910 ME2PL - 813149 061985 125130 04909 06112 319.40/269
XMM-Newion 093630101  ME2PL - 141457705908 136129 109N 80655  3043.69/2886
Simultaneous 306230101 9.80,%26 8.38507
553300301 8.75%11 9.741040
553300401 9.219% 10.41]L11
NGC 3226
XMM-Newton 0101040301  2PL 0.11913 10313 - 169181 07102 1893 24587252
XMM-Newton 0400270101 PL 0.17018 - S R 21 - - 635.19/663
Chandra (3"')* 860 PL 0.18041 - N N - 9.72/17
Chandra (25" )* 860 2PL 029070 15,8045 L7 20348 143189 263028
XMM-Newion 0101040301  2PL 0.090:12 0.860% = L7377 08609 18929 905.42/920
Simultancous 0400270101 0.22024
NGC 3627
XMM-Newton 0093641101  MEPL - - 03302 17829 00002  0.680% 54.91/35
Chandra (8") 9548 MEPL - 005215 065030 145170 006020 02403 33.63/34
Chandra (25" )* 9548 MEPL - - 040030 149182 031937 055090 149.42/96
Both 0093641101  MEPL - - 063085 23324 14015 0.900% 125.5/77
Simultaneous 9548 1.28 118
NGC 4261
Chandra 834 ME2PL  0.180% 11891601 058060 211307 029035 472376 110.82/30
Chandra (3"") 9569 ME2PL  0.1804 840020 05703 124131 026037 21347 198.74/157
Chandra (25" y* 9569  ME2PL - 9.0320 06102 116/ 03504 064l 38242218
Chandra 834/9569  ME2PL  0.1803) 0380 (570 187212 02703 2704 312.57/247
Simultaneous
XMM-Newton 0056340101 ME2PL 0080 11975575 063087 1842 07202 28200 278.12/255
XMM-Newion 0502120101 ME2PL  0.042% 9.711L14 064253 175197 064074 23099 563.80/461
XMM-Newton 0056340101 ME2PL  0.040% 1028115 0.64°9 17613 06701 236/  855.28/726
Simultaneous 0502120101
NGC 4278
Chandra(3") 7077 MEPL 03103 00188 02793 20615 080621 09819  144.23/158
Chandra(25" y* 7077 MEPL  0.160: - 030037 1.881%5  0.813% 13212 250.15210
Chandra 7081 MEPL - - 063085 203210 012014 07798 155.54/145
Chandra 7080 MEPL  0.2207} - 047061 210223 0241375 06907 102.53/96
XMM-Newton* 0205010101  PL 0.02063 - - 2.042%%8 - - 562.25/529
Chandra 7077 MEPL - - 058092 20521 01102 0971 414.71/415
Simultaneous 7081 0.788153
7080 0.68072
NGC 4552
Chandra (3") 2072 MEPL 02303 - 065075 1.85%13 03603 029041 72.49/67
Chandra (25" y* 2072 MEPL  0.0309 00002 06022 18919 1642 09197  161.64/133
XMM-Newton 0141570101 MEPL 0010 - 059000 19219 212237 146! 282.04/254
Both 2072 MEPL - - 06002 186191 0.15017 03103 397.01/328
Simultaneous 0141570101 21138 14043

Notes. Satellite (Col. 1), obs ID (Col. 2), best-fit model (Col. 3), parameters in the model (Cols. 4-9) and y?/d.o.f. (Col. 10). > Observations not
used in the simultaneous fit.
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Table S. continued.

Instrument ObsID Best fit Nuy N kT r Norm,  Normy x/d.o.f.

(102 em2) (102 em?)  keV 104 (10

(1) (2) (3) 4) (5 (6) (7 (8) ) (10)

NGC 5846

XMM-Newton 0021540101 ~ MEPL - - 0.6100 20537 500317 0.612%  356.05/266

XMM-Newton 0021540501 MEPL  0.040% - 0.6205 22028 555207 0.69°81  227.57/194

XMM-Newton 0021540101  MEPL - - 0.620% 2055 5065 06198 606.06/469

Simultaneous 0021540501

Chandra(7") 788 MEPL - 02105 06108 306, 05207 04007°  41.72/50

Chandra(25"y* 788 MEPL - - 0.620 15319 283297 06708 188.51/137

Chandra 7923 MEPL  0.11918 00803 0.60°% 2732 0770% 02108 63.24/59

Chandra 788/7923  MEPL - 02103 06200 3110, 0520% 03808  105.82/110

Simultaneous

Table 6. Soft (0.5-2 keV) and hard (2-10 keV) intrinsic luminosities for individual (Cols. 3 and 5) and simultaneous (Cols. 4 and 6) fitting.

NGC 1052

Satellite ObsID log (L(0.5-2 keV)) log (L(0.5-2 keV)) log (L(2—10 keV)) log (L(2—-10 keV))
Individual Simultaneous Individual Simultaneous

(D 2 3 ) (©) (6)
XMM-Newton 093630101  40.955 [40.941-40.969] 40.992 [40.987-40.996] 41.460 [41.447-41.473] 41.473 [41.458-41.488]
XMM-Newton 306230101  40.960 [40.953-40.967] 41.006 [41.002-41.011] 41.483 [41.477-41.489] 41.488 [41.481-41.494]
XMM-Newton 553300301 41.104 [41.096-41.112] 41.063 [41.058-41.068] 41.555 [41.549-41.561] 41.545 [41.539—41.551]
XMM-Newton 553300401 41.117 [41.110-41.125] 41.089 [41.084-41.093] 41.551 [41.545-41.556] 41.571 [41.565-41.577]
Chandra (3") 5910 40.186 [40.169— 40.202] - 41.290 [41.266— 41.292] -
Chandra (25") 5910 40.290 [40.274-40.306] - 41.336 [41.299-41.370] -

NGC 3226
XMM-Newton 0101040301 40.762 [40.750-40.774] 40.775 [40.763-40.786] 41.057 [41.041-41.072] 41.013 [41.004 — 41.021]
XMM-Newton 0400270101 40.782 [40.777-40.787] 40.775 [40.769-40.780] 40.994 [40.986-41.003] 41.013 [41.005-41.021]
Chandra (3") 860 40.473 [40.378-40.552] - 40.685 [ 41.311] -
Chandra (25") 860 40.552[40.495 — 40.602] - 40.909[ —41.313] -

NGC 3627
XMM-Newton 0093641101 39.440 [39.417-39.462] 39.452 [39.429-39.474] 39.420 [39.362-39.472]  39.245 [39.197-39.288]
Chandra (8") 9548 38.900 [38.854-38.942] 39.452 [39.421-39.481] 39.169[-41.072] 39.224 [39.179-39.264]
Chandra (25") 9548 39.367 [39.348-39.386] - 39.536 [39.268-39.701] -

NGC 4261
Chandra 834 41.180 [41.161-41.197] 40.976 [40.967—-40.984] 41.107 [40.857—41.265] 41.018 [40.971- 41.060]
Chandra (3") 9569 40.924 [40.913-40.935] 40.976 [40.967-40.984] 40.996 [41.084-40.887] 41.018 [40.971-41.060]
Chandra (25") 9569 40.794 [40.779-40.807] - 40.967 [40.940-40.993] -
XMM-Newton 0056340101 41.301 [41.293-41.309] 41.142 [41.138-41.146] 41.188 [41.166-41.209] 41.132 [41.113-41.151]
XMM-Newton 0502120101 41.223 [41.219-41.227] 41.142 [41.138-41.146] 41.148 [41.136-41.160] 41.132 [41.113-41.151]

NGC 4278
Chandra (3") 7077 39.873 [39.865-39.881] 39.863 [39.856-39.871] 39.762 [39.319-39.977] 39.822 [39.806-39.837]
Chandra (25") 7077 40.137 [40.102-40.169] - 40.061 [40.035-40.084] -
Chandra 7081 39.314 [39.303-39.324] 39.783 [39.774-39.792] 39.269 [39.244-39.293] 39.732 [39.716-39.748]
Chandra 7080 39.778 [39.741-39.813] 39.731 [39.717-39.743] 39.615 [-40.728] 39.672 [39.653-39.690]
XMM-Newton 0205010101 40.733 [40.729-40.736] - 40.768 [40.759-40.777] -

NGC 4552
Chandra (3") 2072 39.687 [39.625-39.742] 39.490 [39.471-39.509] 39.463 [39.045-40.147] 39.449 [39.411-39.483]
Chandra (25") 2072 40.252 [40.239-40.266] - 39.904 [39.819-39.974] -
XMM-Newton 0141570101 40.396 [40.389—40.403] 40.388 [40.370-40.406] 40.128 [40.103-40.151] 40.128 [40.103-40.151]

NGC 5846
XMM-Newton 0021540101 41.083 [41.079-41.088] 41.080 [41.076-41.084] 40.196 [40.163-40.227]  40.189 [40.160-40.216]
XMM-Newton 0021540501 41.122 [41.114-41.130] 41.080 [41.076-41.084] 40.165 [40.115-40.210] 40.189 [40.160-40.216]
Chandra (7") 788 40.159 [40.118-40.195] 40.291 [40.244-40.334] 38.586 [38.528-38.637]  39.326 [39.067-39.486]
Chandra (25") 788 40.867 [40.853-40.880] - 40.552 [40.407 — 40.661] -
Chandra 7923 40.490 [40.471-40.507] 40.291 [40.244-40.334] 38.809 [38.760-38.853]  39.326 [39.067-39.486]
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Table 7. Results for the best fit of the annular region (ring) in Chandra data, and the best fit obtained for the nucleus of XMM-Newton data when
the contribution from the annular region was removed.

Name (obs ID) Region Model Nui Nuo kT r Xf log Lo log Lyywa Cont.
(102 ecm™) (102 cm™)  (keV) (0.52keV) (2-10keV) %

(D (2) 3) “4) (5) (6) N ® ©) (10) (11)

NGC 1052 (5910) Ring ME2PL - 26.107%57 031035 1.9873 1.47  40.185 40.563 10

NGC 1052 (093630101) Nucleus ME2PL - 7.543;33 0.788:22 1.69{:28 1.13 39.875 41.235

NGC 3226 (860) Ring PL - - - 1.42}:3; 1.89  40.482 40.557 20

NGC 3226 (0101040301) Nucleus 2PL 0.35,58 1.02;58 - 1.72]3% 1.00  40.623 40912

NGC 3627 (9548) Ring MEPL - - 0.4183‘2 1.71 {2; 1.35 39.302 39.384 92

NGC 3627 (093641101) Nucleus MEPL - - 0.71(1)% 3.37;;;2 1.16  38.990 38.125

NGC 4261 (9569) Ring MEPL 0.068:('); 0.008283 0.618:23 1.87%:% 2.07  40.663 40.252 37

NGC4261 (0502120101) Nucleus ME2PL - 8.292:32 0.678:22 1.56]72 1.21 40.857 41.051

NGC 4278 (7077) Ring MEPL - - 0.29535 1.61 }Z} 1.12  39.551 39.707 38

NGC4278 (0205010101) Nucleus PL 0.028:83 2.05%;’ 1.05  40.681 40.736

NGC 4552 (2072) Ring MEPL - - 0.608:2% 1.92?:3? 1.47 39.648 39.304 23

NGC 4552 (0141570101) Nucleus MEPL - - 0.588% 1.90%38 1.10  40.053 39.878

NGC 5846 (788) Ring MEPL - - 0.618:23 1.87}:2? 1.63  40.815 40.217 73

NGC 5846 (0021540101) Nucleus MEPL - - 0.638:2‘1‘ 4.0035 1.36  40.753 39.171

Notes. Name and obs ID in parenthesis (Col. 1), extracted region (Col. 2), best-fit model (Col. 3), parameters of the best-fit model (Cols. 4-8),
soft and hard intrinsic luminosities (Cols. 9 and 10), and the percentage of the contribution from the ring to the 25" aperture Chandra data in the
0.5-10.0 keV band (Col. 11).

Table 8. Simultaneous fittings taking into account the contribution from the annular region given in Table 7.

ObsID Nui Nip kT r Norm;  Norm, x/d.o.f. log Ly log Liaq
(102 cm™2) (102 cm2)  keV (104) (107 (05-2keV) (210 keV)

Q)] 2 3) “) (5) (6) ) ) &) (10)

NGC 1052

0093630101 - G 068073 158170 04803 128180 577.98/477 403503 413313

5910 403503 4127438

NGC 3226

0101040301 0.34%0! 10314 — L7280 05509 159123 268.434/279 407109072 416814172

860 0.070% 0.686% 4051000381 4095810978

NGC 4261

0502120101 0.032 76487 0.60080 155175 02202 153225 97283/627  40.840% 41031198

9569 40.8405  40.994101

NGC 4278

0205010101 0.030 - — 2012 77475 844.93/600 40714072 40.714072

7077 11518 39.809%  39.863%

NGC 4552

0141570101 0.020% 0.0109  0.640% 18520 07709 0.84190 38050327  40.0500  39.902%

2072 016018 031037 395193 39473931

Notes. Name and obs ID in parenthesis (Col. 1), parameters of the best-fit model (Cols. 2-7), y*/d.o.f. (Col. 8) and soft and hard intrinsic lumi-
nosities (Cols. 9 and 10).
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Table 9. Statistics for the light curves. Name (Col. 1), obs ID (Col. 2), y*/d.o.f. and the probability of being variable (Cols. 3 and 4) and normalized
excess variance with errors (Cols. 5 and 6).

Name Obs ID x*/d.of.  Prob. o? err(c?)
(%) (1072 (107
(D (2 3) (€] 5 (6)

NGC 1052 0093630101 18.6/11 93 0.189 0.107
0306230101 57.1/49 80 0.043 0.046

0553300301 49.5/46 66 0.022 0.043

0553300401 39.3/49 16 -0.042  0.042

5910 48.6/59 17 -0.157  0.173

NGC 3226 860 51.2/45 76 -0.047  0.028
0101040301 35.0/32 67 0.074 0.195

0400270101  474.1/100 100 1.781 0.079

NGC 3627 0093641101 2.6/5 24 -0.312  0.605
9548 63.8/49 92 0.360 0.351
NGC 4261 834 35.8/34 62 0.077 0.267
9569 85.7/100 15 -0.243  0.195

0056340101 25.4/19 85 0.109 0.099
0502120101 79.6/64 91 0.075 0.057

NGC 4278 7077 124.3/111 82 0.149 0.184
7081 91.4/107 14 -0.299  0.227

7080 41.0/55 8 -0.445 0354

0205010101 2.2/11 0 -0.074  0.041

NGC 4552 2072 57.4/45 90 0.089 0.570

0141570101 12.8/14 46 0.000 0.081
NGC 5846 0021540101 20.1/28 14 -0.034  0.037

0021540501 7.9/8 56 0.014 0.070
788 20.4/16 80 0.513 0.640
7923 85.2/86 50 -0.136  0.560

Table 10. UV luminosities derived from the OM observations. Name (Col. 1), obs ID (Col. 2), filter (Col. 3) and luminosity (Col. 4).

Name ObsID Filter log L oy
(erg/s)
(D 2 3) () (©)

NGC 1052 0306230101 UVM2 41.038%0.013 -0.9470.03
0306230101 UVW2 40.938 * 0.028
0553300301 UVM2 41.139*0.012 -0.957*0.03
0553300301 UVW2 40.947 £ 0.026
0553300401 UVM2 41.041*0.014 -0.9170.03
0553300401 UVW2 40.885* 0.025
NGC3226 0101040301 UVWI1 41.37570.006 -1.15%0.70
0400270101 UVWI  41.327 * 0.001 *
NGC3627 0093641101 UVW1 41.3672%0.007 -1.66*0.05
NGC4261 0056340101 UVM2 41.43170.024 -1.047*0.05
0056340101 UVWI1  42.169 * 0.005
0502120201 UVM2 41.609*0.014 -1.117*0.03
0502120201 UVWI1 42.214 1 0.001
NGC4278 0205010101 UVWI1 40903 *0.020 -1.117*0.02
NGC4552 0141570101 UVW2 41.27370.033 -1.287*0.04
NGC5846 0021540101 UVW2 40.561*0.148 -0.81*0.14

Notes. ) The observation was not used (see text).
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Table 11. Summary.

Name Type log Lo log Lhaa  log Mpn  Luol/Lgad Variability T HR
(0.5-2keV) (2-10keV) SMFO0 SMF1 SMF2 (Years)
(D 2 3) @ (©) (6) @) 3 O] (100 dpn
NGC 1052 (X) AGN 41.04 41.52 8.07 7.2x10™* ME2PL Norm, N 8
1.9 20% 20% 49% 31% 33%
NGC 3226 (X,C) AGN 40.78 41.01 822 1.6x10* 2PL Nuo Norm, 1
1.9 37% 81% 93% 57%
NGC 4261 (X) AGN 40.98 41.02 896 2.9x10° ME2PL - - 8
2 0% 0% 0%
©) ME2PL - - 6
0% 0% 19%
NGC 4278 (C) AGN 39.80 39.75 846 5.0x10° MEPL  Norm, - 1
1.9 26% 29% 30% 40%*
NGC 4552 (X,C) AGN 39.49 39.45 8.84 1.0x10° MEPL Norm; Norm, 2
2 73% 63% 93% 78%
NGC 5846 (X) Non-AGN 40.29 39.33 849 1.8x10° MEPL - - 7
2 0% 0% 1%
©) MEPL - - 0.6
0% 0% 6%

Notes. Name, and the instrument in parenthesis (Col. 1), type (Col. 2), logarithm of the soft (0.5-2 keV) and hard (2-10 keV) X-ray luminosities,
where the mean was calculated or Chandra luminosity was given when both instruments were used, and percentages in flux variations (Cols. 3
and 4), black-hole mass in logarithmical scale, from Gonzdlez-Martin et al. (2009a) (Col. 5), Eddington ratio, calculated from Eracleous (2010)
using Lyo; = 33 Lr_19 kev (Col. 6), best fit for the SMFO (Col. 7), parameter varying in SMF1, with the percentage of variation (Col. 8), parameter
varying in SMF2, with the percentage of variation (Col. 9), the sampling timescale for variations (Col. 10), and variations in the hardness ratios
(Col. 11). ® For all Chandra data. With useful spectroscopic data variations are 4%.
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Appendix A: Notes and comparisons with previous
results for individual objects

A.1. NGC 1052

The brightest elliptical galaxy in the Cetus I group, NGC 1052,
previously classed as a LINER in the pioneering work by
Heckman (1980), was classified as LINER type 1.9 by Ho et al.
(1997).

NGC 1052 was observed twice with Chandra and five times
with the XMM-Newton satellite, which makes it a good can-
didate for studying variability. The general characteristics of
the two Chandra observations ObsID 385 (taken in 2000)
and ObsID 5910 (2005) were reported by Gonzéilez-Martin
et al. (2009b) and Boroson et al. (2011), respectively, show-
ing quite different spectral behavior with a flatter spectral in-
dex, lower Ny, and lower luminosity in 2005. We analyzed
the observation from 2005 and found a different spectral fit
than Boroson et al. (2011), since they used the PL model to
fit the spectrum. However, similar luminosities were found be-
tween Gonzalez-Martin et al. (2009b), Boroson et al. (2011), and
this work (with log (L(2—10 keV)) = 41.4*0! 41.4%0.01 and

-0.8°
41.3f8:8g, respectively).

Only one XMM-Newton observation (ObsID 306230101
taken in 2006) was previously analyzed by Gonzilez-Martin
et al. (2009b) and Brightman & Nandra (2011), showing quite
similar results as Brightman & Nandra (2011) in spite of a
more absorbed spectrum in the latter. Our results agree well
with those provided by Gonzilez-Martin et al. (2009b). The
most recent observation at X-rays reported so far is a 100
ks observation taken with Suzaku in 2007. The derived spec-
tral characteristics reported by Brenneman et al. (2009) ap-
pear to be similar to those from XMM-Newton, which is com-
patible with the values in Gonzilez-Martin et al. (2009b),
Brightman & Nandra (2011), and this paper (intrinsic luminosity
of log(L(2-10keV)) ~ 41.5).

In the UV range, Maoz et al. (2005) studied this galaxy with
HST-ACS and found a decrease in the flux of the source of a
factor of 2 between the 1997 data reported by Pogge et al. (2000)
and their 2002 dataset. We found UV flux variations of a factor
of 1.3 from XMM-OM data in seven months.

A.2. NGC 3226

NGC 3226 is a dwarf elliptical galaxy that is strongly interact-
ing with the Seyfert 1.5 galaxy NGC 3227, located at 2’ in pro-
jected distance (see Fig. C.19 in Gonzélez-Martin et al. 2009b).
NGC 3226 was classified by Ho et al. (1997) as a type 1.9
LINER.

This galaxy was observed twice with Chandra-ACIS in 1999
and 2001 and four times with XMM-Newton from 2000 to 2006.

Chandra data taken in 1999 were analyzed by George et al.
(2001) and those taken in 2001 by Terashima & Wilson (2003).
In both cases the X-ray spectra were fitted to a single power
law, but with differing column densities, the data in 2001 being
a factor 2 more absorbed; this leads to a difference in the X-ray
luminosity in the hard (2-10 keV) band of 70%. The reanalysis
of these data performed by Younes et al. (2011) shows spectral
parameters consistent with the previous studies, although their
estimated difference in luminosity is lower (40%). We did not
use these data because obs ID 1616 does not match our criteria
of the minimum number of counts.

The analysis by Gondoin et al. (2004) of snapshot
XMM-Newton observations taken in 2000 also showed an X-ray
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spectrum consistent with a power law with log (L(2—-10 keV)) =
40.38%0.01, close to the value obtained by George et al.
(2001), log (L(2—10 keV)) = 40.26*0.01, for the same epoch.
Binder et al. (2009) studied the XMM-Newton observation
from 2006 and found significant short timescale flux varia-
tion, with a fractional variability amplitude of 11.7. They com-
pared their measurements, log (L (0.4-2 keV)) = 40.47+00! and

-0.00

log (L(2-10 keV)) = 40.55*02 with those from Gondoin et al.
(2004) (see above), finding variability on timescales of years.
Younes et al. (2011) analyzed the longest exposure data from
2000 and 2006 and found a difference in the hard luminos-
ity of 40%. Considering both Chandra and XMM-Newton data
(obs ID. 860 and 1616, 0101040301 and 0400270101, respec-
tively), they concluded that the source variability is due to mod-
ifications in the Ny. We find spectral parameters in agreement to
those of Younes et al. (2011) for the XMM-Newton and Chandra
data and obtained a y?> = 4.7 for obs ID 0400270101, but
this observation seemed to be affected by the rapidly variable
Seyfert 1.5 NGC 3227. Binder et al. (2009) and Younes et al.
(2011) found similar results for this galaxy, and interpretated the
variability as related to outflows or feedback processes.

A.3. NGC 3627

Together with NGC 3628 and NGC 3623, these three galaxies
form the Leo Triplet (see Fig. C.27 in Gonzalez-Martin et al.
2009b). Cappellari et al. (1999) classified it as a type 2.0 LINER.

This galaxy was observed twice with Chandra, in 1999 and
2008, and once with XMM-Newton, in 2001.

Ho et al. (2001) and Panessa et al. (2006) studied Chandra
ObsID 394 from 1999, using the PL model with ' = 1.8,
deriving similar luminosities, log (L(2—-10 keV)) = 37.6 and
37.9, respectively. Chandra ObsID 9548 was analyzed by
Grier et al. (2011), who used the PL with ' = 2 to ob-
tain log (L(0.3-8 keV)) = 38.51 + 0.03. We used the MEPL
model to fit this spectrum and obtained a higher luminosity
log (L(2-10) keV)) = 39.2*1, the difference is most prob-
ably due to the different models used for the analysis. The
XMM-Newton observation was analyzed by Gonzdlez-Martin
et al. (2009b) and Brightman & Nandra (2011), who used PL
and MEPL models to calculate the luminosities, and derived
log (L(2—-10 keV)) = 39.2 + 0.1 and 39.5, respectively, with
which our results agree (39.4 + 0.1).

No information on UV was found in the literature.

A.4. NGC4261

NGC4261 contains a pair of symmetric kpc-scale jets
(Birkinshaw & Davies 1985) and a nuclear disk of dust roughly
perpendicular to the radio jet (Ferrarese et al. 1996). Ho et al.
(1997) classified it as a type 2.0 LINER.

It has been observed twice with Chandra, in 2000 and 2008,
and with XMM-Newton in another three epochs from 2001 to
2007. However, only the analyses on Chandra ObsID 834 and
XMM-Newton ObsID 56340101 are published.

Satyapal et al. (2005), Rinn et al. (2005), and Donato et al.
(2004) reported quite consistent spectral parameters by fitting
the Chandra spectra with a thermal and a power-law compo-
nent, but with a range of variation in the reported luminosi-
ties log (L(2—10 keV)) between 40.5 and 41.0. On the other
hand, Gonzalez-Martin et al. (2009b) and Zezas et al. (2005)
fitted the spectra with the ME2PL, using the same value for the
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spectral index for the two PL in the case of Gonzdlez-Martin
et al. (2009b) and varying the spectral index in the case of
Zezas et al. (2005). The comparison of the spectral parame-
ters is quite consistent with the largest difference being the
Ny, 16.45 x 10% cm™? for Gonzélez-Martin et al. (2009b) and
8.4 x 10%2 cm™2 for Zezas et al. (2005); this leads to a higher
luminosity in Zezas et al. (2005), log (L(2—-10 keV)) = 42.0,
against log (L(2—10 keV)) = 41.1f8:% in Gonzdlez-Martin et al.
(2009b). We used the ME2PL model to fit this spectrum and
found spectral parameters and luminosities in agreement with
Gonzalez-Martin et al. (2009b).

The XMM-Newton observation ObsID 056340101 taken
in 2001 was analyzed by Gonzdlez-Martin et al. (2009b),
Sambruna et al. (2003), and Gliozzi et al. (2003). Different mod-
els were used for the three works: an absorbed PL (Gliozzi
et al. 2003), an absorbed MEPL (Sambruna et al. 2003) and
the ME2PL (Gonzalez-Martin et al. 2009b). This could ex-
plain, in principle, the different reported luminosities. Our re-
sults (log L(2—10 keV) = 41.13%0.02) agree well with the
spectral parameters and luminosities (41.2f8:(7)) reported by
Gonzélez-Martin et al. (2009b), but not with those obtained by
Sambruna et al. (2003) and Gliozzi et al. (2003) (41.9).

No information from the UV was found in the literature.

A.5. NGC4278

NGC 4278 is an elliptical galaxy classified as type 1.9 LINER
by Ho et al. (1997), who found a relatively weak, broad H,, line.
The north-northwest side of the galaxy is heavily obscured by
large-scale dust-lanes, whose distribution shows several dense
knots interconnected by filaments (Carollo et al. 1997).

This galaxy has been observed in nine occasions with
Chandra from 2000 to 2010 and once with XMM-Newton in
2004. Brassington et al. (2009) used six Chandra observations
and found 97 variable sources within NGC 4278, in an ellipti-
cal area of 4’ centered on the nucleus. None of them are within
the aperture of 3" we used for the nuclear extraction. Chandra
observations were taken by Fabbiano to study the plethora of
sources detected in this galaxy (~250) (see Brassington et al.
2009; Boroson et al. 2011). The nuclear source was studied
by Gonzdlez-Martin et al. (2009b) using Chandra obs ID 7077
taken in 2006 and XMM-Newton data. They found a hard X-ray
luminosity difference of a factor of 10 between the two ob-
servations, which were attributed to the contamination of the
numerous sources around the nucleus.

The nuclear variability of this source has been previously
studied by Younes et al. (2010). They concluded that long
timescale (months) variability is detected with a flux increase
of a factor of ~3 on a timescale of a few months and a factor
of 5 between the faintest and the brightest observation separated
by about three years. We used three of these observations, our
spectral fittings being in good agreement with theirs, although
we found weaker variations in luminosities. Whereas the differ-
ent Chandra observations showed no short timescale (minutes to
hours) variability, during the XMM-Newton observation, where
the highest flux level was detected, Younes et al. (2010) found
a 10% flux increase on a short timescale of a few hours. With the
same dataset we obtained a 3% variation in the same time range,
the difference being most probably due to the different apertures
used for the analysis.

Pellegrini et al. (2012) studied eight Chandra observations
of NGC4278. They fitted jointly the two spectra from 2010

with a thermal (kT = 0.7570.05 keV) plus a power law (I' =
2.3170.20, Ny = 4.18%3.13 x 10?° cm™?) model, and compared
the remaining six spectra with the results by Younes et al. (2010),
which agreed well. They found an X-ray luminosity decrease by
a factor of ~18 between 2005 and 2010. A direct comparison
with our data cannot be done because Pellegrini et al. (2012)
used different obs IDs.

In the UV, Cardullo et al. (2008) found that the luminosity
increased a factor of 1.6 in about six months using data from
HST WFPC2/F218W.

A.6. NGC 4552

This Virgo elliptical galaxy has been classified as a LINER 2.0
(Cappellari et al. 1999). A radio jet was detected with VLBI ob-
servations (Nagar et al. 2005).

It has been observed four times with Chandra from 2001
to 2012 and with XMM-Newton in a single epoch in 2003.
However, three of the Chandra observations are not public yet,
so the only reported results came from Chandra ObsID 2072
(Filho et al. 2004; Xu et al. 2005; Gonzalez-Martin et al. 2009b;
Grier et al. 2011; Boroson et al. 2011). Filho et al. (2004) and
Gonzélez-Martin et al. (2009b) fitted the spectra to the MEPL,
obtaining compatible results with log (L(2—10 keV)) = 39.4 and
39.2i8:i, respectively. Xu et al. (2005) and Grier et al. (2011)

obtained log (L(0.3-10 keV)) = 39.6 and 40.0i8:8%, respectively,

by fitting a single PL. Our results (log L(2—10 keV) = 39.5”_’8:1)
agree well with all of them.

In the UV, Cappellari et al. (1999) studied this LINER with
both HST imaging (FOC) and spectroscopy (FOS), with images
taken in 1991, 1993, and 1996, showing long-term variability.
This agrees with Maoz et al. (2005), who used HST-ACS ob-
servations with its HRC mode and found a 20% variation of the
nuclear flux in both F250W and F330W bands.

A.7. NGC 5846

NGC 5846 is a giant elliptical galaxy at the center of a small
compact group of galaxies. The inner region of the galaxy con-
tains dust and a radio core (Moellenhoff et al. 1992). Ho et al.
(1997) classified this galaxy as an ambiguous case like tran-
sient 2.0 objects but the revision made by Gonzalez-Martin et al.
(2009b) located this object into the LINERs 2.0 category.

Three Chandra observations were made for this galaxy be-
tween 2000 and 2007 and two observations with XMM-Newton
in January and August 2001. Chandra ObsID 788 was an-
alyzed by Filho et al. (2004), Satyapal et al. (2005), and
Trinchieri & Goudfrooij (2002). Three different models were
fitted (PL, APEC, and MEPL), and an order-of-magnitude dif-
ference in luminosity was found between Filho et al. (2004)
(log L(2—-10 keV) = 38.4) and the other two works (39.4
and 39.670.4, respectively), maybe entirely due to the differ-
ent models used. Our luminosity (log (L(2-10 keV)) = 39.3703)
agrees well with those from Satyapal et al. (2005) and Trinchieri
& Goudfrooij (2002). Gonzdlez-Martin et al. (2009b) reported
Chandra Obs ID 4009 from 2003, but we have noticed that obs
ID 4009 corresponds to the galaxy NGC 5845, not to NGC 5846.
The XMM-Newton observations reported by Gonzalez-Martin
et al. (2009b) based on data taken on 2001 were fitted with the
ME2PL model, resulting in a log L(2—10 keV) = 40.8f212, in
agreement with our results (40.270.0).
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Appendix B: X-ray images
In this Appendix we present the images from Chandra (left) and XMM-Newton (right) that we used to compare data from these instruments in the
0.5-10 keV band. Big circles represent 25" apertures. Small circles in the left figures represent the nuclear extraction aperture used with Chandra

observations (see Table 2). In all cases, the gray levels extend from twice the value of the background dispersion to the maximum value at the
center of each galaxy.

NGC 1052

ObsID 5910 ObsID 0093630101

NGC 3226

ObsID 860 : ObsID 0101040301

NGC 3627

ObsID 9548 e ObsID 0093641101

NGC 4261

ObsID 9569 ObsID 0502120101

Fig. B.1. Images for Chandra data (left) and XMM-Newton data (right) for the sources in the 0.5-10 keV band. Big circles represent 25" apertures.
Small circles in the left figures represent the nuclear extraction aperture used with Chandra observations (see Table 2).
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NGC 4278

ObsID 7077 : ObsID 0205010101

NGC-4552

ObsID 0141570101 ~

ObsID 0021540101

Fig. B.1. continued.
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Appendix C: Light curves

The plots corresponding to the light curves are provided.
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Fig. C.1. Light curves for NGC 1052.
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Fig. C.2. Light curves for NGC 3226 (up). Light curve from NGC 3227 (middle-right), where the red solid line represents a linear regresion, and
the light curve from the background (middle-left). XMM-Newton obs ID 0400270101 image (down). The background follows the same behavior
as NGC 3227.
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Fig. C.2. continued.
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Fig. C.3. Light curves for NGC 3627.
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ABSTRACT

Context. Variability is a general property of active galactic nuclei (AGN). The way in which these changes occur at X-rays is not yet
clearly understood. In the particular case of low-ionization nuclear emission line region (LINER) nuclei, variations on the timescales
from months to years have been found for some objects, but the main driver of these changes is still debated.

Aims. The main purpose of this work is to investigate the X-ray variability in LINERs, including the main driver of these variations,
and to search for possible differences between type 1 and 2 objects.

Methods. We examined the 18 LINERSs in the Palomar sample with data retrieved from the Chandra and/or XMM-Newton archives
that correspond to observations gathered at different epochs. All the spectra for the same object were fitted simultaneously to study
long-term variations. The nature of the variability patterns were studied by allowing different parameters to vary during the spectral
fit. Whenever possible, short-term variations from the analysis of the light curves and long-term UV variability were studied.
Results. Short-term variations are not reported in X-rays. Three LINERs are classified as non-AGN candidates in X-rays, all of them
are Compton-thick candidates; none of them show variations at these frequencies, and two of them vary in the UV. Long-term X-ray
variations were analyzed in 12 out of 15 AGN candidates; about half of them showed variability (7 out of the 12). At UV frequencies,
most of the AGN candidates with available data are variable (five out of six). Thus, 13 AGN candidates are analyzed at UV and/or
X-rays, ten of which are variable at least in one energy band. None of the three objects that do not vary in X-rays have available
UV data. This means that variability on long-timescales is very common in LINERs. These X-ray variations are mainly driven by
changes in the nuclear power, while changes in absorptions are found only for NGC 1052. We do not find any difference between
type 1 and 2 LINERS, neither in the number of variable cases (three out of five type 1 and four out of seven type 2 LINERS), nor in the
nature of the variability pattern. We find indications of an anticorrelation between the slope of the power law, I, and the Eddington
ratio.

Conclusions. LINERs are definitely variable sources irrespective of whether they are classified as optical type 1 or 2. Their BH masses,
accretion rates, and variability timescales place them in the same plane as more powerful AGN at X-rays. However, our results suggest
that the accretion mechanism in LINERs may be different. UV variations of some type 2 LINERs were found, this could support the

hypothesis of a torus that disappears at low luminosities.

Key words. galaxies: active — X-rays: galaxies — ultraviolet: galaxies

1. Introduction

Active galactic nuclei (AGN) are divided into two classes de-
pending on the width of the permitted optical Balmer spectral
lines, which can be broad (type 1) or narrow (type 2). From
the viewpoint of the unified model (UM) of AGN (Antonucci
1993; Urry & Padovani 1995), the difference between type 1
and 2 objects is due to orientation effects relative to the obscur-
ing medium, where a direct view into the black hole (type 1)
or a view through the absorbing material (type 2) gives rise to
a variety of subtypes between both classes. For low-ionization
nuclear emission line regions (LINER), it is tempting to view
them as a scaled-down version of Seyfert galaxies. However,
different physical properties (e.g., black hole masses or lumi-
nosities) have been inferred (Eracleous et al. 2010a; Masegosa
et al. 2011), and the way to introduce them into the UM is still
controversial (Ho 2008). Ho et al. (1997) optically classified a

* Appendices are available in electronic form at
http://www.aanda.org

Article published by EDP Sciences

variety of LINERSs as 1.9 or 2.0 types, while objects resembling
Seyfert 1-1.5 galaxies have not been found.

X-ray data offer the most reliable probe of the high-energy
spectrum, providing many AGN signatures (D’Onofrio et al.
2012). AGN are detected as a point-like source at hard X-
rays. This method was applied for LINERs in a number of
publications (e.g., Satyapal et al. 2004, 2005; Dudik et al.
2005; Ho 2008). The most extensive work was carried out by
Gonzalez-Martin et al. (2009b). They analyzed 82 LINERs with
Chandra and/or XMM-Newton data and found that 60% of the
sample show a compact nuclear source in the 4.5—8 keV band;
a multiwavelength analysis yielded that about 80% of the nu-
clei showed evidence of AGN-related properties. Moreover, their
result is a lower limit since Compton-thick (CT) objects (i.e.,
Ny > 1.5 x 10** c¢cm™2) were not taken into account.

Variability is one of the main properties of AGN (Peterson
1997). For LINERs, the first clear evidence of variability was re-
ported by Maoz et al. (2005) at UV frequencies. In X-rays, vari-
ability can be studied by comparing spectra at different epochs,
which can account for long-term variations. This was done for

A26, page 1 of 46



2. LINERS

A&A 569, A26 (2014)

74

LINERs by different authors. Pian et al. (2010) and Younes
et al. (2011) showed that long-term variability is common in
type 1 LINERs. Gonzdlez-Martin et al. (2011a) studied a type 2
LINER that also showed long-term variations. In a previous pa-
per, we studied long-term spectral variability in six type 1 and 2
LINERSs, where spectral and flux variations were found on long-
timescales in four objects (Herndndez-Garcia et al. 2013, here-
inafter HG13). These spectral variations may be related to the
soft excess, the absorber, and/or the nuclear power.

For a one-epoch observation, when high signal-to-noise
data are available, short-timescale variations can be investi-
gated through a power spectral density (PSD) analysis of the
light curve (Lawrence et al. 1987; Gonzdlez-Martin & Vaughan
2012). By using this analysis, Gonzalez-Martin & Vaughan
(2012) found 14% of variable LINERs, compared with 79%
found for Seyfert galaxies.

On the other hand, the normalized excess variance, 0'12\IXS, is
the most straightforward method to search for short-term vari-
ations (Nandra et al. 1997; Vaughan et al. 2003). This quantity
can be understood as a proxy of the area below the PSD shape,
and can be used to search for short-term variations, with the ad-
vantage that high-quality data are not required to calculate it. In
HG13 we did not find short-term variations in six LINERs.

The aim of this paper is to study the main driver of the X-ray
variability in LINERs. We analyzed the X-ray variability in the
largest available sample of LINERs. This paper is organized
as follows: the sample and the data are presented in Sect. 2.
The reduction of the data is explained in Sect. 3. A review of
the methodolody is provided in Sect. 4, where individual and
simultaneous spectral fittings, comparisons of different apper-
tures, flux variability at X-ray and UV frequencies, and short-
term variability are explained. The results from this analysis are
given in Sect. 5, and are discussed in Sect. 6. Finally, our main
results are summarized in Sect. 7.

2. Sample and data

We used the Palomar Sample (Ho et al. 1997), which is the
largest sample of nearby galaxies with optical spectra, con-
taining HII nuclei, Seyferts, LINERs, and transition objects.
It includes measurements of the spectroscopic parameters for
418 emission-line nuclei. Since we are interested in LINERs, ob-
jectsclasifiedas L1, L1:,L1::, L2, 1.2:,1.2::, and L/S! were taken
into account. This sample contains 89 LINERs, 22 of type 1 and
67 of type 2. Note that throughout this paper, we divide the ob-
jects into two groups, type 1 (1.9) and type 2 (2.0), in accordance
with the classification by Ho et al. (1997).

We made use of all the publicly available XMM-Newton and
Chandra data up to October 2013. Initially, 63 objects had ei-
ther Chandra or XMM-Newton observations by the date of the
sample selection. LINERs with only one available observation
were rejected from the sample (28 objects). Objects affected by a
pileup fraction of 10% or more were excluded (four objects, and
one observation of another object). The pileup fractions were
estimated using the simulation software PIMMS? version 4.6. We
used the 0.5-2 keV and 2—10 keV fluxes, the best-fit model, and
the redshift to evaluate its importance. Only two objects in the
final sample are affected by a pileup fraction of 6% (obsID. 2079
of NGC 4494, and obsID. 5908 of NGC4374). As shown later

' Quality ratings as described by Ho et al. (1997) are given by “:” and
“::” for uncertain and highly uncertain classification, respectively.

2 http://heasarc.gsfc.nasa.gov/docs/software/tools/
pimms.html
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in the results (see Sect. 5.1), this does not have consequences
in the variability studies. To guarantee a proper spectral fitting,
observations with fewer than 400 number counts were also ex-
cluded (12 objects, and 18 observations). ObsID 011119010 of
NGC 4636 and 13814 of NGC 5195 met these criteria, but a vi-
sual inspection showed low number counts in the hard band and
were rejected from the sample. Finally, NGC 4486 was rejected
because it is well known that this source is dominated by the jet
emission (Harris et al. 2003, 2006, 2009, 2011).

The final sample of LINERs contains 18 objects, eight of
type 1 and 10 of type 2. Table 1 shows the general properties of
the galaxies. This sample covers the same range in total appar-
ent blue magnitudes as all LINERs in the sample of Ho et al.
(1997), with B7 from 8.7 to 12.3, included in Col. 6. The X-
ray classification from Gonzalez-Martin et al. (2009b) divides
the objects into AGN candidates (when a point-like source is
detected in the 4.5—-8.0 keV energy band) and non-AGN candi-
dates (otherwise). Evidence of jet structure at radio frequencies
is provided in Col. 10. Table A.1 shows the log of the valid ob-
servations, where the observational identification (Col. 3), dates
(Col. 4), extraction radius (Col. 5), and the net exposure time
(Col. 6) are presented. Number of counts and hardness ratios,
defined as HR = (H-S)/(H+S)? are also included in Cols. 7
and 8. Finally, UV luminosities from the optical monitor (OM)
and its corresponding filter are given in Cols. 9 and 10.

3. Data reduction
3.1. Chandra data

Chandra observations were obtained with the ACIS instru-
ment (Garmire et al. 2003). The data reduction and analy-
sis were carried out in a systematic, uniform way using CXC
Chandra Interactive Analysis of Observations (CIAO*), ver-
sion 4.3. Level 2 event data were extracted with the task
ACIS-PROCESS-EVENTS. We first cleaned the data from back-
ground flares (i.e., periods of high background) using the task
LC_CLEAN.SL’, which removes periods of anomalously low (or
high) count rates from light curves from source-free background
regions of the CCD. This routine calculates a mean rate from
which it deduces a minimum and maximum valid count rate,
and creates a file with the periods that are considered to be good
by the algorithm.

Nuclear spectra were extracted from a circular region cen-
tered on the positions given by the NED®. These positions were
visually inspected to ensure that the coordinates match the X-ray
source position. We chose circular radii, aiming to include all
possible photons, while excluding other sources or background
effects. The radii are in the range between rchandra = 1.5-5.0"
(or 3—10 pixels, see Table A.1). The background selection was
made taking circular regions between 5—10" apertures free of
sources in the same chip as the target and close to the source
to minimize effects related to the spatial variations of the CCD
response. We used the task DMEXTRACT to extract the spectra
of the source and the background regions. The response ma-
trix file (RMF) was generated for each source region using the
task MKACISRMF and the ancillary reference file (ARF) with the
task MKWARF. The spectra were binned to have a minimum of

3 H is the number of counts in the hard (2—10 keV) band and S is the
number of counts in the soft (0.5-2 keV) band

4 http://cxc.harvard.edu/ciao4.4/

5 http://cxc.harvard.edu/ciao/ahelp/lc_clean.html

® http://ned.ipac.caltech.edu/
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20 counts per spectral bin so that we would be able to use the
’-statistics that were compiled with the task GRPPHA included
in FTOOLS.

3.2. XMM-Newton data

All XMM-Newton observations were made with the EPIC pn
camera (Striider et al. 2001). The data were reduced in a system-
atic, uniform way using the Science Analysis Software (SAS7),
version 11.0.0. Before extracting the spectra, good-time inter-
vals were selected (i.e., flares were excluded). The method we
used for this purpose maximizes the signal-to-noise ratio of the
net source spectrum by applying a different constant count rate
threshold on the single-event light curve with a field-of-view
background of E > 10 keV. The nuclear positions were taken
from the NED and were visually inspected to verify that they
match the X-ray nuclear positions. As a sanity check, the task
EREGIONANALYSE was used to compare whether our visual se-
lection deviated from this selection. This task was applied to
three objects with low number counts in the sample (NGC 1961,
NGC 3608, and NGC 5982) and relative diferences <1% were
obtained. The extraction region was determined through circles
of rxmm = 15-35" (i.e., 300—700 px) radius and the background
with an algorithm that selects the best circular region around the
source that is free of other sources and as close as possible to
the nucleus. This automatic selection was checked manually to
ensure the best selection for the backgrounds.

We extracted the source and background regions with the
EVSELECT task. RMFs were generated using the task RMFGEN,
and the ARFs were generated using the task ARFGEN. We then
grouped the spectra to obtain at least 20 counts per spectral bin
using the task GRPPHA, as is required to be able to use the y>-
statistics.

3.3. Light curves

Light curves in the 0.5-10 keV, 0.5-2.0 keV and 2.0-10.0 keV
energy bands of the source and background were extracted using
the task DMEXTRACT for XMM-Newton and the task EVSELECT
for Chandra with a 1000 s bin. We studied only light curves with
exposure times longer than 30 ks. Light curves with longer ex-
posure times were divided into segments of 40 ks. Thus, in some
cases more than one segment was obtained from the same light
curve. The light curve from the source was manually screened
for high background and flaring activity, i.e., when the back-
ground light curve showed flare-like events and/or prominent de-
creasing/increasing trends. After this process the total useful ob-
servation time is usually lower, therefore only light curves with
more than a total of 30 ks were used for the analysis. The light
curves are shown in Appendix D. Note that the values of the
means and standard deviations were not used for the variability
analysis, but for a visual inspection of the data.

4. Methodology

The methodology is explained in HG13, but differs in the treat-
ment of the short-term variability (see Sect. 4.4). For clarity, we
recall the procedure below.

7 http://xmm.esa.int/sas/

4.1. Individual spectral analysis

An individual spectral analysis allowed us to select the best-fit
model for each data set. We used XSPEC?® version 12.7.0 to fit
the data with five different models:

e ME: eNouo(E) . Nuo B+ [Ny |- MEKAL[KT, Norm|
e PL : N ®) . eNuo B+ Ny ] - Norme™ [, Norm]

e 2PL: eNouo®E)(eNuo I+ [Ny ] - Normje [, Norm;] +
N ETFD [N, | - Normpe ™ [T, Norms )

e MEPL: eNco®) (eNmoEA+D [Ny | - MEKAL[KT, Norm, ] +
eM U+ Ny, 1 - Normae T [T, Normy ])

e ME2PL: eNoa®) (eNmoEA+D) [Ny ] - Norm;e T[T, Norm; | +
MEKAL[KT] + eV EA+D [Ny, | - Normoe T[T, Normy ).

Here o(E) is the photo-electric cross-section, z is the redshift,
and Norm; are the normalizations of the power law or the ther-
mal component (i.e., Norm; and Norm,). For each model, the
parameters that vary are written in brackets. The Galactic ab-
soption, Ng,, 1S included in each model and fixed to the pre-
dicted value (Col. 5 in Table 1) using the tool NH within FTOOLS
(Dickey & Lockman 1990; Kalberla et al. 2005).

The y?/d.o.f. and F-test were used to select the simplest
model that best represents the data.

4.2. Simultaneous spectral analysis

We simultaneously fitted the spectra for each object with the
same model. The baseline model was obtained from the indi-
vidual fittings. For each galaxy, the initial values for the param-
eters were set to those obtained for the spectrum with the largest
number counts.

The simultaneous fit was made in three steps:

0. SMFO (Simultaneous fit 0): The same model was used with
all parameters linked to the same value to fit every spectra of
the same object, i.e., the non-variable case.

1. SMF1: using SMFO as the baseline for this step, we let the
parameters Ny, Mg, I', Norm;, Normy, and k7 vary indi-
vidually. The best fit was selected for the y? closest to unity
that improved SMFO (using the F-test).

2. SMF2: using SMF1 as the baseline for this step (when SMF1
did not fit the data well), we let two parameters vary, the one
that varied in SMF1 along with any of the other parameters
of the fit. The y? and F-test were again used to confirm an
improvement of the fit.

Whenever possible, this method was separately applied to the
data from the two instruments. When data from Chandra and
XMM-Newton were used together, an additional analysis was
performed to make sure the sources included in the larger aper-
ture did not produce the observed variability. A spectrum of
an annular region was then extracted from Chandra data, with
Fext = xviM And Fine = FChandra. We recall that the PSF of Chandra
is energy dependent and therefore the annular region might be
affected by contamination from the source photons at high en-
ergies. We have estimated this contribution by simulating the
PSF of the sources in our sample using ChaRT? and MARX'°.
A monochromatic energy of 8 keV was used and the ray den-
sity was obtained individually for each observation. We find that

8 http://heasarc.nasa.gov/xanadu/xspec/
® http://cxc.harvard.edu/chart/
10 http://space.mit.edu/ASC/MARX/
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Table 1. General properties of the sample galaxies.
Name RA Dec Dist.! Naal mg Morph. Optical X-ray Jet  Ref?
(J2000) (J2000) (Mpc) (10 cm™2) type class. class.
(D 2 3) ) (©) (6) (@) (8) ©) (10)  dmn
NGC 315 0057 48.88 +002108.8 59.60 5.88 12.20 E L1.9 AGN Y (1)
NGC 1052 02410480 +081520.8 19.48 3.07 11.44 E L1.9 AGN Y 2)
NGC 1961 0542 04.6 +69 22 42 56.20 8.28 11.01  SAB(rs)c L2 AGN Y 3)
NGC 2681 08533273 +511849.3 1525 2.45 11.15 S0-a(s) L1.9 AGN* N €8
NGC 2787 091918.56 +691212.0 10.24 4.32 11.60  SO-a(sr) L1.9 AGN N (1)
NGC 2841 092202.63 +505835.5 16.62 1.45 10.06 Sb(r) L2 AGN N (1)
NGC 3226 102327.01 +195354.7 29.84 2.14 12.34 E L1.9 AGN N (1)
NGC 3608 11165896 +180854.9 24.27 1.49 11.57 E L2/S2: Non-AGN* N (1)
NGC 3718 113234.8 +53 04 05 17.00 1.08 11.19 SB(s)a L1.9 AGN Y (1)
NGC 4261 12192322 +054930.8 31.32 1.55 11.35 E L2 AGN Y (@)
NGC 4278 1220 06.83 +291650.7 15.83 1.77 11.04 E L1.9 AGN Y [®)
NGC 4374 122503.74 +125313.1 17.18 2.60 10.11 E L2 AGN* Y 6)
NGC 4494 123124.03 +2546299 13.84 1.52 10.68 E L2: AGN N (1)
NGC 4636 1242 49.87 +024116.0 16.24 1.81 10.43 E L1.9 Non-AGN* Y @)
NGC 4736 125053.06 +410713.6  5.02 1.44 8.71 Sab(r) L2 AGN N (1)
NGC 5195 1329 59.6 +47 1558 7.91 1.56 10.38 1A L2: AGN N ®)
NGC 5813 1501 11.26  +014207.1  30.15 4.21 11.48 E L2: Non-AGN* Y )
NGC 5982 1538 39.8 +59 21 21 41.22 1.82 12.05 E L2: AGN N (10)

Notes. (Col. 1) Name, (Col. 2) right ascension, (Col. 3) declination, (Col. 4) distance, (Col. 5) galactic absorption, (Col. 6) aparent magnitude in
the Johnson filter B from Ho et al. (1997), (Col. 7) galaxy morphological type from Gonzdlez-Martin et al. (2009a), (Col. 8) optical classification
from Ho et al. (1997), (Col. 9) X-ray classification from Gonzédlez-Martin et al. (2009b), where the * represent Compton-thick candidates from
Gonzilez-Martin et al. (2009a), (Col. 10) evidence of radio jet, and (Col. 11) references for radio data. (" All distances are taken from the NED and
correspond to the average redshift-independent distance estimates. ® References: (1) Nagar et al. (2005); (2) Vermeulen et al. (2003); (3) Krips
et al. (2007); (4) Birkinshaw & Davies (1985); (5) Giroletti et al. (2005); (6) Xu et al. (2000); (7) Giacintucci et al. (2011); (8) Ho & Ulvestad
(2001); (9) Randall et al. (2011); (10) Vrtilek et al. (2013). ® We rejected the long-term variability analysis (i.e., comparison of spectra at different
epochs) of NGC 3226 because XMM-Newton data may be contaminated by emission from NGC 3227 (see HG13), while we have mantained the

UV and short-term analyses (i.e., light curves).

the highest contribution from the source photons at 8 keV is 7%.
Note that this contribution is at high energies (i.e., the contribu-
tion is lower at lower energies) and does not affect our results
(see Sect. 5.1). The data used for comparisons are marked with
c in Table A.1. When the contamination by the annular region to
the Chandra data with the rxyy aperture emission was higher
than 50% in the 0.5—-10.0 keV energy band, we did not consider
the joint analysis since the accuracy of the derived parameters
could be seriously affected. For lower contamination levels, we
considered that Chandra data can be used to estimate the con-
tribution of the annular region to the XMM-Newton spectrum.
The ring from Chandra data was fitted with the five models ex-
plained above. The resulting model was incorporated (with its
parameters frozen) in the fit of the XMM-Newton nuclear spec-
trum, which enabled us to extract the parameters of the nuclear
emission. When multiple observations of the same object and
instrument were available, we compared the data with similar
dates (see Table A.1).

4.3. Flux variability

X-ray luminosities for the individual and simultaneous fits were
computed using XSPEC for the soft and hard bands. Distances
were taken from NED and correspond to the average redshift-
independent distance estimate for each object when available
(or to the redshift-estimated distance otherwise) and are listed
in Table 1.

UV luminosities were obtained (when available) from the
optical monitor (OM) onboard XMM-Newton simultaneously to
X-ray data. Whenever possible, measurements from different
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filters were retrieved. We recall that UVW?2 is centered at 1894 A
(1805-2454) A, UVM2 at 2205 A (1970-2675) A, and UVW1
at 2675 A (2410-3565) A. For NGC 4736 we used data from the
U filter (centered at 3275 A (3030-3890) A) because measures
from other filters were not available. We used the OM obser-
vation FITS source lists (OBSMLI)!! to obtain the photometry.
When OM data were not available, we searched for UV infor-
mation in the literature. We note that in this case the X-ray and
UV data might not be simultaneous (see Appendix B).
We assumed an object to be variable when

Lmax - Lmin >3 X \/(ererax)2 + (ererin)2 (1)
where L, and Ly, are the highest and lowest luminosities of an
object, and errLy,.x and errLy,;, are the measurement errors. We
note that this relation was used to determine whether an object
was variable, not as an error estimate.

4.4. Short-term variability

We assumed a constant count rate for the whole observation in
the 0.5-10 keV energy band, and we calculated y?/d.o.f. as a
proxy to the variations. We considered the source to be variable
if the count rate differed from the average by more than 30 (or
99.7% probability).

To compare the variability amplitude of the light curves be-
tween observations, we calculated the normalized excess vari-
ance, 0'12\1xs’ for each light curve segment with 30—40 ks. This

' ftp://xmm2.esac.esa.int/pub/odf/data/docs/
XMM-SOC-GEN-ICD-0024.pdf
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magnitude is related to the area below the PSD shape. We fol-
lowed the prescriptions given by Vaughan et al. (2003) to esti-
mate O-IZ\IXS and its error, err(O'IZ\IXS) (see also Gonzdlez-Martin
et al. 2011b)

S?— (o)
s = —<x>‘27 2)
2 (@20) | (0% 4oy
err(O'szfxs) = \/N (<Zf)2>) + <O-N ) <XI\>D2(S’ 3)

where x, ofn and N are the count rate, its error, and the number
of points in the light curve, respectively, and S? is the variance
of the light curve,

l N
§2= —— ) (x— () 4

when O'IZ\IXS was negative or compatible with zero within the
errors, we estimated the 90% upper limits using Table 1 in
Vaughan et al. (2003). We assumed a PSD slope of —1, the up-
per limit from Vaughan et al. (2003), and we added the value of
1.282err(0'§xs) to the limit (to take into account the uncertainity
due to the experimental Poisson fluctuations). For a number of
segments, NV, obtained from an individual light curve, an upper
limit for the normalized excess variance was calculated as

[<N 2
it Onys,

e =~ ©

when N segments were obtained for the same light curve and
at least one was consistent with being variable, we calculated
the normalized weighted mean and its error as the weighted
variance.

5. Results

In this section we present the individual results on the variability
in LINERs of all the sources (Sect. 5.1) as well as the general re-
sults (Sects. 5.2, 5.3, and 5.4). This includes short- and long-term
variations in X-rays and long-term variations at UV frequencies.
The summary of the results obtained for the variability is given
in Table 2. Notes and comparisons with previous works for indi-
vidual objects are included in Appendix B.

5.1. Individual objects

To be concise, we list the peculiarities of each source. For de-
tails on the data and results, we refer to the following tables
and figures: the observations used in the analysis (Table A.1),
variations of the hardness ratio, HR, only compared for data
from the same instrument (Col. 8 in Table A.1), UV lumi-
nosities when simultaneous data from the OM monitor were
available for more than one date (Col. 9 in Table A.1 and
Fig. 2), individual and simultaneous best fit and the parame-
ters that varied in the model (Table A.2 and Fig. 1), X-ray flux
variations (Table A.3 and Fig. 3), the analysis of the annular
region when data from Chandra and XMM-Newton were used
together (Table A.4), the simultaneous fittings of these observa-
tions (Table A.5), and short-term variability from the analysis
of the light curves (Table A.6 and Appendix D). When short-
term variations were not detected, upper limits of a’IZ\IXS were
calculated.

NGC 315: from the simultaneous analysis of Chandra data,
variations are not found in a three-year period (i.e., SMFO).
The annular region contributes with 3% in Chandra data.
When they are compared with XMM-Newton data, variations
of the parameters do not improve the fit within the five-
year period. The analysis of one of the Chandra light curves
shows variations in the hard band at 1.60" confidence level.
NGC 1052: SMF2 was used to fit its XMM-Newton data, with
variations of Norm, (49%) and Ny, (31%) over a period of
eight years. Flux variations of 20% are obtained for soft and
hard energies in the same period. Since the annular region
contributes with 10% in Chandra data, Chandra and XMM-
Newton data were compared, without changes in a one-year
period. Short-term variations are not detected. UV variations
from the UVW2 (13%) and UVM2 (21%) are found.

NGC 1961: XMM-Newton data do not show variations in a
one-month period (i.e., SMF0). UV data are available, but
the nucleus of the galaxy is not detected.

NGC 2681: the SMFO results for Chandra data did not im-
prove for varying parameters. Consequently, the object does
not vary in a period of four months. Short-term variations are
not detected.

NGC2787: one observation per instrument is available.
When they are compared, the emission from the annular re-
gion contributes with 53% in Chandra data. Therefore we
did not perform a simultaneous fit and did not use this object
to discuss long-term variations. Short-term variations are not
detected.

NGC2841: one observation per instrument is available.
When they are compared, the emission from the annular re-
gion contributes with 60% in Chandra data. Therefore we
did not perform a simultaneous fit and did not use this ob-
ject to discuss long-term variations. In this case the Chandra
image reveals at least three X-ray sources within the annular
region (see Appendix C).

NGC 3226: long-term X-ray variations from this source are
not taken into account because of possible contamination
from NGC 3227. We refer to HG13 for details. The analy-
sis from the Chandra light curve shows variations in the soft
and total bands below the 20 confidence level. UV variations
amount to 11% in the UVW]1 filter.

NGC 3608: SMFO was used to fit the XMM-Newton data,
with no variations in a 12 year period.

NGC 3718: we jointly fit Chandra and XMM-Newton data
since emission from the annular region is negligible. The
best representation of the data need Norm, to vary (37%),
i.e., SMF1 was used. This implies a change in luminosity of
35% (29%) at soft (hard) energy in a one-year period. The
nucleus of the galaxy is not detected in the UV data.
NGC4261: the simultaneous fit with constant parameters
(i.e., SMFO) results in a good fit both in Chandra and XMM-
Newton data over a period of eight and six years, respec-
tively. A simultaneous fit of Chandra and XMM-Newton (the
annular region contributes with 37% in Chandra data) did
not show changes. Short-term variations are not detected.
Considering the UV range, variations amount to 9% in the
UVWI filter and 34% in the UVM2 filter.

NGC4278: the best fit for Chandra data is SMF1, with
Norm, varying (30%) in a one-year period. An X-ray intrin-
sic luminosity variation at soft (hard) energy of 26% (29%)
is found. The contribution of the annular region in Chandra
data amounts to 38%. When comparing XMM-Newton and
Chandra data, a variation in the normalization of the
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Table 2. Results of the variability analysis.

Name Type log (Lor) log (Lhara) log (Mgn) log (Rgd) Variability T HR
(0.5-2keV) (2-10keV) SMFO0 SMF1 SMF2  (Years)
(D (2 3) “4) ) (6) (@) (8) 9 (10) (1)
NGC315 (C) AGN 41.38 41.58 8.65 -3.67 MEPL - - 3
L1.9 0% 0% 8%
NGC 1052 (X) AGN 41.04 41.52 8.07 -3.14 ME2PL Norm, N 8
L1.9 20% 20% 49% 31% 33%
NGC 1961 (X) AGN 41.20 41.23 8.67 -4.03 ME2PL - - 0.08
L2 0% 0% 0%
NGC2681* (C) AGN 39.02 38.93 7.07 -4.73 MEPL - - 0.4
L1.9 0% 0% 4%
NGC 3608* (X) Non-AGN 40.32 40.24 8.06 —-4.41 ME2PL - - 12
L2/S2: 0% 0% 4%
NGC 3718 (C+X) AGN 40.76 40.99 7.85 -3.60 2PL Norm, - 1
L1.9 35% 29% 37% 14%
NGC4261 (X) AGN 40.98 41.02 8.96 —4.54 ME2PL - - 8
L2 0% 0% 0%
©) ME2PL - - 6
0% 0% 19%
NGC4278 (C) AGN 39.80 39.75 8.46 -5.30 MEPL Norm, - 1
L1.9 26% 29% 30% 4%
NGC4374* (C) AGN 39.64 39.59 8.74 -5.79 MEPL Norm, - 5
L2 64% T1% 73% 12%
NGC 4494 (X,C) AGN 39.13 39.37 7.64 —4.84 PL Norm - 0.3
L2: 31% 35% 33%
NGC4636* (X) Non-AGN 40.86 39.81 8.16 -5.00 MEPL - - 0.5
L1.9 0% 0% 14%
NGC4736 (X) AGN 39.61 39.73 6.98 -3.84 MEPL - - 4
L2 0% 0% 5%
NGC 5195 (X) AGN 39.24 39.25 7.59 —4.86 MEPL Norm, - 8
L2: 9% 19% 20% 3%
©) 38.56 38.61 MEPL - - 0
0% 0% 2%
NGC5813* (X) Non-AGN 41.33 40.30 8.42 —4.72 MEPL - - 4
L2: 0% 0% 1%
© 39.68 39.07 8.42 -5.95 MEPL - - 6
0% 0% 5%
NGC 5982 (X) AGN 40.70 40.49 8.44 —-4.71 MEPL Norm, - 1
L2: 11% 49% 50% 10%

Notes. (Col. 1) Name (the asterisks represent Compton—thick objects), and the instrument (C: Chandra and/or X: XMM-Newton) in parenthesis,
(Col. 2) X-ray and optical types, (Cols. 3 and 4) logarithm of the soft (0.5-2 keV) and hard (2—10 keV) X-ray luminosities, where the mean was
calculated for objects with variability, and percentages in flux variations, (Col. 5) black-hole mass in logarithmical scale, determined using the
correlation between stellar velocity dispersion (from HyperLeda) and black-hole mass (Tremaine et al. 2002), (Col. 6) Eddington ratio, Lo/ Lgdds
calculated from Eracleous et al. (2010a) using Lyo; = 33Ly-10 kev, (Col. 7) best fit for SMFO, (Col. 8) parameter varying in SMF1, with the
percentage of variation, (Col. 9) parameter varying in SMF2, with the percentage of variation, (Col. 10) the sampling timescale, and (Col. 11)
variations in the hardness ratios.

PL (15%) during two years is found. Short-term variations
are not detected.

— NGC4374: SMF1 was used for the simultaneous fit with
Chandra data, with variations of Norm, (73%) in a period
of five years. Flux variation of 64% (71%) in the soft (hard)
band during the same period are found. Data from different
instruments were not compared because the annular region
contributes 84% in Chandra data. Short-term variations in
the soft and total bands are found from one Chandra obser-
vation below 20 confidence level.

— NGC4494: the simultaneous fit was jointly performed for
Chandra and XMM-Newton data (the contribution of the an-
nular region is 21% in Chandra data) up to 4.5 keV, be-
cause Chandra data show a low count-rate at harder ener-
gies. We used SMF1 and obtained the best representation of
the data set when Norm varied (33%). Flux variation of 31%
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(35%) is obtained for the soft (hard) energy in a four-month
period.

NGC 4636: SMFO was used to fit XMM-Newton data, i.e.,
variations were not found over a six-month period. Note
that x> ~ 2. Unfortunately, none of the proposed models
are good enough to improve the final fit. From the analysis
of the light curves, short-term variations in the hard band
are obtained from one XMM-Newton observation at 1.40
confidence level. Variations of 28% are obtained from the
UVWI1 filter in the UV.

NGC4736: variations are not found from XMM-Newton
data, i.e., SMFO was used in a period of four years. Chandra
and XMM-Newton data were not compared since the emis-
sion from the annular region contributes with 84% in
Chandra data. From the analysis of the light curves, varia-
tions in the soft, hard, and total bands are obtained below 20
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Fig. 1. For each object and instrument we plot (fop): a simultaneous fit of X-ray spectra; (from second row on): the residuals. The legends contain
the date (in the format yyyymmdd), and the obsID. Details are given in Table A.1.
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Fig. 1. continued.

confidence level in all cases. At UV frequencies, a variation
of 66% is obtained from the U filter.

NGC 5195: SMF1 was used for XMM-Newton data, where
the best representation was achieved for Norm, varying
(20%). A flux variation of 9% (19%) in the soft (hard) en-
ergy band was found in a period of eight years. For Chandra
data, no variations are found from the simultaneous fit (i.e.,
SMFO) in a three-day period. The annular region contributes
with 74% in Chandra data, so the data from the two instru-
ments were not compared. The analysis of one Chandra light
curve reveals short-term variations in the soft and total bands
below 20 confidence level. At UV frequencies, variation of
16% are found with the UVW1 filter.

NGC5813: for Chandra data we made the simultaneous
analysis up to 4 keV because of the low count rate at harder
energies. For both Chandra and XMM-Newton data SMF0
was used, with no improvement of the fit when we varied
the parameters in a period of six and four years, respectively.
Note that sz ~ 2 in XMM-Newton data. Unfortunately, none
of the proposed models are good enough to improve the final
fit. The data from the two instruments were not compared
since the annular region contributes with 100% in Chandra
data. Short-term variations are not detected. In the UV, OM
observations with the UVW1 filter were used, which show
variations of 8% in a period of four years.

NGC 5982: SMF1 was used to fit XMM-Newton data, with
the best representation achieved by varying Norm; (50%).
Flux variations of 11% (49%) in the soft (hard) band were
obtained in a period of one year. UV variations are not
found.
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5.2. Long-term X-ray spectral variability

A first approximation to the spectral variations can be made
from the hardness ratios (HR). Following the results in HG13,
an object can be considered to be variable when HR varies by
more than 20%. One out of the 14 objects in our sample is vari-
able according to this criterion, using the HR measurements with
the same instrument (NGC 1052). Since we mainly doubled the
sample number, we conclude that the result obtained in HG13 is
a consequence of low number statistics. However, no clear rela-
tion can be invoked between variable objects and a minimum in
HR variations (see Table 2).

Chandra and XMM-Newton data are available together for
the same object in 12 cases. We recall that we only compared
the data from the two instruments when the emission from the
annular region with rexr = rxpy and Fine = Fchandra contributed
less than 50% in Chandra data with the rxpms aperture. For
NGC 3718 there is no extranuclear contamination, therefore we
performed the simultaneous analysis without any prior analysis
of the extended emission. In six cases we made no simultaneous
fit with data from the two instruments. In five objects (NGC 315,
NGC 1052, NGC 4261, NGC 4278, and NGC 4494) the extranu-
clear contamination was taken into account for the simultaneous
fit following the methodology described in Sect. 4.2.

None of the three non-AGN candidates show variations (one
type 1 and two type 2). Seven out of the 12 AGN candidates
(three out of five type 1, and four out of seven type 2) show
spectral variations. We find no variations in the spectral index,
I', in any of the objects in the sample. In all cases Norm; is re-
sponsible for these variations (between 20—73%). In one case
(NGC 1052, type 1) variation in Ny (31%) is required along
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Fig.2. UV luminosities obtained from the data with the OM camera onboard XMM-Newton, when available. Different filters have been used;
UVW]1 (red triangles), UVW?2 (green circles), UVM2 (blue squares), U (black pentagons).

with variations in Norm,. These variations were found irrespec-
tive of the LINER type (see Table 2).

5.3. UV and X-ray long-term flux variability

Since variations in Norm, naturally imply changes in the flux,
all the objects that show spectral variations at X-ray frequencies
also show flux variability (see Sect. 5.2). This means that none
of the non-AGN candidates show flux variations, while seven out
of the 12 AGN candidates do. Variations from 9 to 64% (19 to
71%) are obtained in the soft (hard) band (see Table 2). Soft and
hard X-ray luminosities are listed in Table A.3 and are presented
in Fig. 3 for objects with flux variations.

In eight out of the 18 cases, data at UV frequencies are pro-
vided by the OM onboard XMM-Newton at different epochs (si-
multaneously with X-ray data). Two of them are non-AGN can-
didates (the type 1 NGC 4636 and the type 2 NGC 5813). Both
show variations in the UVW]1 filter, while NGC 4636 does not
vary in the UVW?2 filter. Five out of the six AGN candidates
show UV variability in at least one filter (except for NGC 5982,
type 2). Two variable objects are type 1 (NGC 1052 varies
about 20% in the UVM2 and UVW?2 filters, and NGC 32262
shows 11% variation in the UVW1 filter), and three are type 2

12 We recall that NGC 3226 varies at UV frequencies, but long-term
variations in X-rays were rejected for the analysis.

(NGC 4261 shows 10% (33%) variations in the UVW1 (UVM?2)
filter, NGC 4736 varies 66% in the U filter, and NGC 5195 varies
51% in the UVW1 filter). In summary, three out of four type 1
and the two type 2 AGN candidates are variable objects at UV
frequencies. Their UV luminosities are presented in Table A.1
and Fig. 2.

A comparison of X-ray and UV flux variations shows two
non-AGN candidates have UV variations but no X-ray variations
(one type 1 and one type 2). Of the AGN candidates, three show
X-ray and UV flux variations (two type 1 and one type 2), and
three type 2 LINERs show variations only in one of the frequen-
cies (two in the UV, one in X-rays).

Taking into account UV and/or X-ray variations, ten out of
13 AGN candidates are variable (four out of six type 1, and
six out of seven type 2). We note that the three objects with-
out variations at X-ray frequencies (NGC 315, NGC 2681, and
NGC 1961) do not have UV data in more than one epoch.

5.4. Short-term variability

According to the values of o'ﬁxs’ four objects show posi-
tive values within the errors in the soft and total bands, one
type 1 (NGC 3226), and three type 2 (NGC4374, NGC 4736,
NGC 5195). We obtain 02 values above zero for three objects

NXS
in the hard band, two type 1 (NGC 315, and NGC 4636), and one
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Fig. 3. Intrinsic luminosities calculated for the soft (0.5-2.0 keV, green triangles) and hard (2.0-10.0 keV, red circles) energies in the simultaneous

fitting, only for the variable objects.

type 2 (NGC 4736). However, all the measurements are consis-
tent with zero at 20" level. For the remaining light curves we esti-
mate upper limits for the normalized excess variance. Therefore,
we cannot confirm short-term variability in our sample. The light
curves are presented in Appendix D, their statistics in Table A.6.

6. Discussion
6.1. Long-term variations

We analyzed three non-AGN candidates (one type 1 and two
type 2), but none of them showed X-ray spectral or flux vari-
ations. An additional source, NGC 5846 (type 2), was studied in
HG13, but did not show variations either. All of them were clas-
sified as CT candidates by Gonzalez-Martin et al. (2009a). In
these objects, the nuclear obscuration is such that X-ray emis-
sion cannot be observed directly, i.e., the view of their nu-
clear emission is suppressed below ~10 keV (Maiolino et al.
1998). If this is the case, spectral variations might not be de-
tected, in accordance with our results. Indications for classify-
ing objects as an AGN candidate can be found at other fre-
quencies, for example, with radio data. At these frequencies, a
compact, flat-spectrum nuclear source can be considered as an
AGN signature (Nagar et al. 2002, 2005). Gonzdlez-Martin et al.
(2009b) collected multiwavelength properties of 82 LINERs. In
their sample, 18 objects are classified in X-rays as non-AGN
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candidates and have detected nuclear radio cores. From these,
14 are classified as CT candidates. Thus, it might be possible
that the AGN in CT objects are not seen at X-ray frequencies
(and therefore their X-ray classification is non-AGN), whereas
at radio frequencies the AGN can be detected. Of the four non-
AGN candidates studied in HG13 and this work, radio cores are
detected in three objects and, in fact, evidence of jet structures
are reported in the literature (NGC 4636, Giacintucci et al. 2011;
NGC 5813, Randall et al. 2011; NGC 5846, Filho et al. 2004),
which suggests that they are AGN. Moreover, in this work UV
variability is found for NGC 4636 and NGC 5813, while UV
data are not available to study long-term variations in the other
two cases. A nuclear counterpart was not detected for NGC 3608
with VLA by Nagar et al. (2005). Therefore, an X-ray variable
nature of CT objects cannot be excluded, but variability analyses
at higher energies need to be performed.

Of the 12 AGN candidates in our sample, two objects
are proposed to be CT candidates (NGC 2681 and NGC 4374,
Gonzilez-Martin et al. 2009a). In these objects a point-like
source at hard energies is detected, which might indicate that
part of the AGN continuum is still contributing below 10 keV.
Hence, variations in the nuclear continuum may be observed, as
is the case of NGC 4374. An example of a confirmed CT type 2
Seyfert that shows spectral variations with XMM-Newton data is
Mrk 3 (Guainazzi et al. 2012).
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Only in one case (NGC 1052) were variations in Ny, needed
along with those in Norm, (see below). Variations in the col-
umn density have been extensively observed in type 1 Seyferts
(e.g., NGC 1365, Risaliti et al. 2007, NGC4151, Puccetti
et al. 2007; Mrk 766, Risaliti et al. 2011; Swift J2127.4+5654,
Sanfrutos et al. 2013). Brenneman et al. (2009) studied a
101 ks observation of NGC 1052 from Suzaku data and did
not find short-term variations. NGC 1052 also shows variations
at UV frequencies, as shown by Maoz et al. (2005), and we
confirm this here. However, the LINER nature of this source
has been discussed in the literature; Pogge et al. (2000) stud-
ied 14 LINERs with HST data and only NGC 1052 shows
clear evidence for an ionization cone, analogously to those seen
in Seyferts. From a study that used artificial neural networks
(ANN) to classify X-ray spectra, NGC 1052 seems to be asso-
ciated to type 1 Seyfert galaxies in X-rays (Gonzalez-Martin
et al. 2014). The fact that the observed variations in NGC 1052
are similar to those seen in type 1 Seyfert galaxies agrees well
with the observation that this galaxy resembles Seyferts at X-ray
frequencies.

Spectral variations do not necessarily imply flux variations.
For example, if variations in the column density, Ny, alone were
found, flux variations would not be present. However, all the re-
sults reported in the literature for LINERs show spectral vari-
ations that are related to flux variability. Variations in the nor-
malization of the power law, that is, in Norm,, are found in all
the variable sources in our sample. Variations of other compo-
nents, such as the soft emission (NGC 4102, Gonzalez-Martin
et al. 2011a; NGC 4552, HG13) or the slope of the power law
(NGC 7213, Emmanoulopoulos et al. 2012) are reported in the
literature. The variations in I" found by Emmanoulopoulos et al.
(2012) are small and were obtained on average every two days
from 2006 to 2009. In contrast, the observations we used here
were obtained with separations of months, and therefore it might
be that if these variations occurred in LINERs we are unable to
detect them. The most natural explanation for the variations in
Normy is that the AGN continuum changes with time. The first
conclusion derived from this result is that the X-ray emission in
these variable LINERs is AGN-like. Moreover, these types of
variation are common in other AGN (e.g., Turner et al. 1997).
Thus, even if the sample is not large enough to be conclusive,
from the point of view of the X-ray variability, LINERs are sim-
ilar to more powerful AGN. This is confirmed by the character-
istic timescales derived from our analysis (see Sect. 6.2).

Our results show that UV and X-ray variations are not si-
multaneous (see Sect. 5.3). This means that some X-ray variable
sources are not UV variable, and vice versa. The most illustra-
tive case is NGC 5195, which changes 39% at UV frequencies
but does not vary in X-rays in the same period (see Tables A.1l
and A.3, and Figs. 2 and 3). The most widely accepted scenario
assumes that the X-ray emission is produced by a disk-corona
system, where UV photons from the inner parts of the accretion
disk are thermally Comptonized and scattered into the X-rays
by a hot corona that surrounds the accretion disk (Haardt &
Maraschi 1991). In this case we expect that X-ray and UV emis-
sions reach us at different times, because of the time that light
takes to travel from one place to another. These time lags will de-
pend on the sizes of the BH, the disk and the corona, so that the
larger the sizes, the longer the time lags we expect. For example,
Degenaar et al. (2014) conducted a multiwavelength study of the
X-ray binary (XRB) Swift J1910.2-0546 and found time lags be-
tween X-ray and UV frequencies of about eight days. They ar-
gued that the changes may be related to the accretion morphol-
ogy, perhaps due to a jet or a hot flow. LINERSs have larger sizes
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Fig. 4. Observed variability timescale, T, against the predicted value,
T, from Gonzdlez-Martin & Vaughan (2012). The solid line represents
the 1:1 relationship, the dashed lines the errors. Only variable objects
are represented. The big orange rectangle represents the location of
AGN, the small blue rectangle the location of XRB as in McHardy et al.
(2006).

than XRBs and, therefore, longer time lags are expected. Thus,
the mismatch between UV and X-ray variabilities might be due
to these time lags. Simultaneous X-ray and UV studies monitor-
ing the sources would be useful for measuring these time lags,
and also for calculating the sizes of the variable regions.

6.2. Variability timescales

Short-term variability (~few days) is found in the literature. Pian
etal. (2010) and Younes et al. (2011) found short-term variations
in two objects in their analyses of type 1 LINERs, i.e., four in
total. Two objects are in common with our sample (NGC 3226
and NGC4278). However, in HG13 we did not find short-term
variations, neither in these two nor in the other objects in the
sample. Gonzdlez-Martin & Vaughan (2012) reported two out of
14 variable LINERS, one of them in common with those reported
by Pian et al. (2010). In the present paper, we studied short-term
variability from the analysis of the light curves for a total of
12 objects in three energy bands (soft, hard, total). Six objects
show Oixs > 0 in at least one of the three bands. However,
we note that these variations are below the 20~ confidence level.
None of the objects show a value that is higher than zero above
30, and therefore we cannot confirm short-term variations.
McHardy et al. (2006) reported a relation between the bend
timescale for variations (i.e., the predicted timescale, Ts), black-
hole mass, and bolometric luminosity. This Tp corresponds to
a characteristic frequency, vg, of the PSD, which occurs when
the spectral index of the power law bends from ~1 to ~2.
Gonzélez-Martin & Vaughan (2012) updated this relation as

log(Tg) = Alog(Mgn) + Blog(Lyoi) + C, (6)

where A = 1.3470.36, B = —0.2470.28, C = —1.88%0.36, and
Tg, Mgy, and Ly are in units of days, 10° Mg, and 10** erg/s,
respectively. By using Eq. (6), we plot the observed timescales
of the variability, Tops, against the predicted timescales, T, for
the sources with variations in our sample (Fig. 4). The observed
timescales were computed from the shortest periods in which
variations were observed, and are represented as upper limits.
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It is important to note that the timescales between the obser- >0 ® UNER1
Bl LINER2

vations probably differ from the predicted timescales. This is
obvious since the observations were obtained randomly at dif-
ferent epochs. All the variable objects are compatible with the
1:1 relation (represented by a solid line, and dashed lines are the
errors), although most of them have longer Tops than predicted.
In Fig. 4, we also plot the location of AGN and X-ray binaries
(XRB) as reported in McHardy et al. (2006). It can be observed
that LINERSs are located in the upper part of the relation together
with the most massive AGN because of the strong dependence
of T on the Mpy. Note here that while T’y represents the bend-
ing frequency of the PSD, T, is a direct measure of changes in
the spectral shape. This implies that the variability timescales are
often shorter than the timescales between the observations (ex-
cept for NGC 4278) for our sample. All the variable objects are
then consistent with the relation reported by Gonzdlez-Martin &
Vaughan (2012).

On the other hand, five objects in our sample do not
show variations (and are not represented in Fig. 4). For these
(NGC 315, NGC 1961, NGC 2681, NGC 4261, and NGC 4494),
we obtain T'g (Tobs) ~ 77 (873), 100 (14), 3 (92), 273 (2830), and
12 (120) days, respectively. In the case of NGC 1961, Tg > Tops,
so variations between the observations are not expected. From
Eq. (6), we would expect variations from the other sources. It
could be possible that we do not detect variations because obser-
vations were taken at random. However, it could also be possible
that these objects do not follow Eq. (6).

Our results are consistent with the scaling relation found
by McHardy et al. (2006) and Gonzdlez-Martin & Vaughan
(2012) because, according to the BH mass and accretion rates
of LINERs, variations of the intrinsic continuum are expected
to be of large scales. This means that LINERs would follow the
same relation as other AGN and XRBs (see Fig. 4). We recall
that 7 has a strong dependence on Mgy, while the dependence
with Ly (and with the accretion rate) is much lower (McHardy
2010), and hence it prevents us from obtaining useful informa-
tion related to accretion physics.

Although LINERs and more powerful AGN are located in
the same plane, different authors have pointed out that the accre-
tion mechanism in LINERs could be different from that in more
powerful AGN (e.g., Gu & Cao 2009; Younes et al. 2011). When
a source accretes at a very low Eddington rate (Rggg < 1073),
the accretion is dominated by radiatively inefficient accretion
flows (RIAF, Narayan & Yi 1994; Quataert 2004). Such flows
are thought to be present in XRB, since they are closer accret-
ing black holes that can be easily studied. It is well known that
XRB show different X-ray emission states that are separated by
their spectral properties (e.g., Remillard & McClintock 2006).
In comparison with XRB, LINERSs should be in the “low/hard”
state or, if the Eddington ratio is too low, in the “quiescent” state,
while more powerful AGN should be in the “high/soft” state.

An anticorrelation between the slope of the power law, T,
and the Eddington ratio, Rgqq, is expected from RIAF mod-
els. Qiao & Liu (2013) theoretically investigated this corre-
lation for XRB and found that advection-dominated accretion
flow (ADAF)'3 models can reproduce it well. In these models
the X-ray emission is produced by Comptonization of the syn-
chrotron and bremsstrahlung photons. Later, they studied low-
luminosity AGN (LLAGN) in the framework of a disk evapora-
tion model (inner ADAF plus an outer truncated accretion disk)
and found that it can also reproduce the anticorrelation (Qiao
et al. 2013).

13 The RIAF model is an updated version of the ADAF model.
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Fig.5. Spectral index, I', versus the Eddington ratio, Rgy =
log (Lvoi/ Leqa)- Type 1 (blue circles) and type 2 (green squares) LINERs
are distinguished. The solid and dashed lines represent the relations
given by Younes et al. (2011) and Gu & Cao (2009), respectively,
shifted to the same bolometric correction (see text).

Some efforts have been made to observationally investigate
that relationship for LLAGN. Gu & Cao (2009) used a sam-
ple of 55 LLAGN (including 27 LINERs and 28 Seyferts) and
found a regular anticorrelation between I and Rpqq. However,
when LINERs were considered alone, they did not find a strong
correlation. Later, Younes et al. (2011) studied a sample of
type 1 LINERs and found a statistically significant anticorre-
lation. In HG13 we found that the seven LINERs studied in the
sample fitted the relation given by Younes et al. (2011) well.
Here we plot the same relation in Fig. 5, where the values of
I' and L,_j9 v Were obtained from the simultaneous fittings,
since I" did not vary in any of the objects (see Table 2). For
NGC 2787 and NGC 2841 the individual fit from Chandra data
was used because a simultaneous fit cannot be performed (see
Sect. 5.1). Rgqg were calculated following the formulation given
in Eracleous et al. (2010b), assuming Ly, = 33L,-10 kev. The
solid and dashed lines in Fig. 5 are the relations given by Younes
etal. (2011) and Gu & Cao (2009), respectively, corrected to our
Lio. The coefficient of the Pearson correlation is r = —0.66, with
a coefficient of determination of p = 0.008. This might suggest
that RIAF models apply to LINERs, indicating an inefficient ac-
cretion disk, in contrast to the efficient accretion disk found for
more powerful AGN. A larger sample of LINERs would be use-
ful to be conclusive.

6.3. Type 1 and type 2 variable AGN candidates

Some studies at X-ray frequencies have shown the variable
nature of LINERs. Type 1 LINERs were studied by Pian
et al. (2010), Younes et al. (2011), Emmanoulopoulos et al.
(2012), and HG13. Pian et al. (2010) studied four sources
with Swift and found variations in two of them. Younes et al.
(2011) detected long-term variations in seven out of the nine
sources in their sample from XMM-Newton and Chandra data.
Emmanoulopoulos et al. (2012) studied one object with the
Rossi X-ray Timing Explorer (RXTE) and found a “harder when
brighter” behavior. In HG13 we analyzed three AGN candidates
using Chandra and/or XMM-Newton data and found variations
in all the three.
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In the present analysis our sample contains five type 1 AGN
candidates, three of them variable. From the sample by Younes
et al. (2011), five objects are in common with our sample, four
of them with similar results, and differs only for NGC 315 (see
Appendix B for notes and comparisons).

Type 2 objects were studied by Gonzédlez-Martin et al.
(2011a) and HG13. Gonzalez-Martin et al. (201 1a) used Suzaku,
Chandra, and Swift data to study one object and found varia-
tions in the thermal component. In HG13 we reported long-term
variations in one of the two AGN candidates.

In the present analysis our sample contains seven type 2
AGN candidates, four of them variable.

Taking into account the present analysis and the studies listed
above from the literature, 14 out of 22 LINERs are X-ray vari-
able objects (eight out of 13 type 1, and six out of nine type 2).
Therefore, there is no significant difference in the proportion of
variable objects in X-rays in terms of the classification into op-
tical type 1 or type 2. Given that the observed variations are in-
trinsic to the sources, similar proportions were expected in view
of the UM, in good agreement with our results.

A similar behavior is found at UV frequencies. Maoz et al.
(2005) were the first authors to show that UV variability is
common in LINERs, and to demostrate the presence of a non-
stellar component at these frequencies. From their sample of
17 LINERs, only three do not show either short-term (<1 yr)
or long-term (>1 yr) variability. From these, all the seven type 1
LINERs and seven out of ten type 2 objects show variations.

When data from the OM onboard XMM-Newton were avail-
able, we searched for UV variability. Taking into account only
AGN candidates, five out of six objects show variations (two
type 1 and three type 2). This supports the hypothesis of a vari-
able nature of LINERs. In common with our sample, Maoz et al.
(2005) already showed the variable nature of NGC 1052 and
NGC4736. Thus, taking into account the present analysis and
the study by Maoz et al. (2005), 17 out of 21 LINERs are vari-
able at UV frequencies (eight type 1, and nine out of 13 type 2).
As previously noted by Maoz et al. (2005), the fact that type 2
LINERs show variations at UV frequencies suggests that the UM
may not always apply to LINERs. It has been suggested that the
broad-line region (BLR) and the torus, responsible for obscuring
the continuum that is visible in type 1 AGN, dissapear at low lu-
minosities (Elitzur & Shlosman 2006; Elitzur & Ho 2009). The
dissapearence of the torus could in principle explain why type 2
LINERs do vary in the UV, because the naked AGN is directly
seen at these frequencies.

We find that some objects show variations in X-rays but do
not vary at UV frequencies, or vice versa. This means that the
percentage of variable objects is higher if we take into account
different frequencies. From all the 34 LINERs studied at UV
and X-ray frequencies in this and other works, 27 LINERs show
variations in at least one energy band (13 out of 16 type 1, and 14
out of 18 type 2). Thus, the percentage of type 1 and 2 variable
objects is similar. Consequently, variability is very common in
LINER nuclei, a property they share with other AGN.

7. Conclusions

Using Chandra and XMM-Newton public archives, we per-
formed a spectral and flux, short and long-term variability anal-
ysis of 18 LINERs in the Palomar sample. The main results of
this study can be summarized as follows:

1. Seven out of the 12 AGN candidate LINERs show long-term
spectral variability, while the three non-AGN candidates do

not. In two cases the simultaneous fit was not possible be-
cause of strong external contamination, and in one case the
long-term analysis was rejected because of possible contam-
ination of a companion galaxy.

2. No significant difference in the proportion of X-ray variable
nuclei (type 1 or 2) was found.

3. The main driver of the spectral variations is the change in the
normalization of the power law, Norm,; only for NGC 1052
is this accompained by variations in the column density, Ny .

4. UV variations are found in five out of six AGN candidates.
The two non-AGN candidates also show variations.

5. Short-term variations are not found.

From X-ray and UV data, we find that ten out of 13 LINERSs in
our sample show evidence of long-term variability in at least one
energy band. Hence, variability is very common in LINERs.

X-ray variations are caused by changes in the continuum of
the AGN. These results agree well with the expected variations
according to their BH masses and accretion rates. In this sense,
LINERs are in the same plane as more powerful AGN and XRB.
However, we found an anticorrelation between the slope of the
power law, I', and the Eddington ratio, which might suggest that
a different accretion mechanism is active in LINERs, that is more
similar to the hard state of XRB.

On the other hand, the result that some type 2 LINERs pos-
sibly vary at UV frequencies may suggest that a naked AGN
can be observed at these wavelengths, which could be ex-
plained within the scenario where the torus dissapears at low
luminosities.
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Appendix A: Tables

Table A.1. Observational details.

Name Instrument ObsID Date R Net Exptime Counts HR log (Lyv) Filter
) (ks) (erg/s)
(H (2) (3) 4) (5) (6) (7 (3) &) (10)
NGC315 XMM-Newton® 0305290201  2005-07-02 25 14 5799 -0.55*0.01 41.75*0.05 UVM2
Chandra 855 2000-10-08 3 5 501 —-0.27+0.13 -
Chandra“ 4156 2003-02-22 3 55 5550 —-0.2370.05 -
NGC 1052 XMM-Newton® 0093630101  2001-08-15 25 11.2 5818 0.28 * 0.06 -
XMM-Newton 0306230101  2006-01-12 25 44.8 25565 0.3470.03 41.04*0.01 UVM2
40.94*+0.03 UVW2
XMM-Newton 0553300301  2009-01-14 25 424 27367 0.39+0.02 41.14*0.01 UVM2
40.95+0.03 UVW2
XMM-Newton 0553300401  2009-08-12 25 46.8 30643 04270.02 41.04*0.01 UVM2
40.89*0.03 UVW2
Chandra“ 5910 2000-08-29 3 59.2 6549 0.40 * 0.04 -
NGC 1961  XMM-Newton 0673170101  2011-08-31 35 17 1934 —0.54*0.02 Not detected
XMM-Newton 0673170301  2011-09-14 35 14 1680 —0.54*0.02 Not detected
NGC 2681 Chandra 2060 2001-01-30 3 81 1126 -0.76 * 0.01 -
Chandra 2061 2001-05-02 3 79 1018 -0.73 7 0.01 -
NGC2787 XMM-Newton® 0200250101  2004-10-10 25 25 2557 -0.37 1 0.04 -
Chandra® 4689 2004-05-18 3 31 527 —-0.59 7 0.03 -
NGC2841 XMM-Newton® 0201440101  2004-11-09 30 9 1712 -0.57*+0.02 41.2870.03 UVW2
Chandra® 6096 2004-12-18 5 28 486 -0.81*0.01 -
NGC3226 XMM-Newton 0101040301  2000-11-28  — - - - 4138+ 0.01 UVWI1
XMM-Newton 0400270101  2006-12-03  — - - - 41.33+0.01 UVWI
Chandra 860 1999-12-30 3 46.6 476 0.53*0.12 -
NGC3608 XMM-Newton 0099030101  2000-11-22 20 12 454 -0.48 * 0.06 -
XMM-Newton 0693300101  2012-05-20 20 23 1749 -0.46*0.03 41.01*0.07 UVM2
NGC3718 XMM-Newton® 0200430501  2004-05-02 25 10 2473 0.1270.19 Not detected
XMM-Newton® 0200431301  2004-11-04 25 8 1734 0.14+0.20 Not detected
Chandra® 3993 2003-02-08 3 5 1143 0.1170.29 -
NGC 4261 Chandra 834 2000-05-06 3 344 3465 -0.58 £ 0.01 -
Chandra“ 9569 2008-02-12 3 100.9 7757 —-0.47 * 0.01 -
XMM-Newton 0056340101  2001-12-16 25 21.3 10730 -0.68*0.01 41.43*%0.02 UVM2
42.17+0.01 UVWI1
XMM-Newton® 0502120101  2007-12-16 25 63.0 32156 -0.68*0.01 41.61*0.01 UVM2
42.21+0.01 UVWI
NGC 4278 Chandra“ 7077 2006-03-16 3 110.3 9182 —-0.66 * 0.01 -
Chandra 7081 2007-02-20 3 110.7 7591 -0.66 * 0.01 -
Chandra 7080 2007-04-20 3 55.8 3379 -0.69 * 0.01 -
XMM-Newton® 0205010101  2004-05-23 25 20.8 34516 -0.60*0.01 40.90*0.02 UVWI1
NGC4374 XMM-Newton® 0673310101  2011-06-01 25 25 19788 -0.87+0.01 41.48*0.01 UVM2
Chandra 803 2000-05-19 2 28 1010 -0.67 £ 0.02 -
Chandra 5908 2005-05-01 2 46 2401 -0.60 * 0.01 -
Chandra“ 6131 2005-11-07 2 41 812 -0.68 £ 0.02 -
NGC4494  XMM-Newton® 0071340301  2001-12-04 20 24 2116 -0.46*0.04 41.99*0.01 UVWI
Chandra“ 2079 2001-08-05 3 25 580 -0.57*0.03 -
NGC4636  XMM-Newton 0111190201  2000-07-13 25 6 9889 -0.95+0.01 40.62*0.06 UVW2
41.66 1 0.01 UVWI1
XMM-Newton ~ 0111190701  2001-01-05 25 51 91789 -0.97*0.01 40.64*0.07 UVW2
41.52*+0.01 UVWI1
NGC4736  XMM-Newton® 0094360601  2002-05-23 20 8 11041  -0.59*0.01 40.69*0.01 U
XMM-Newton 0094360701  2002-06-26 20 3 3010 -0.62*0.01 40.76 * 0.01 U
XMM-Newton 0404980101  2006-11-27 20 33 42048 -0.60*0.01 40.29*0.01 U
Chandra“ 808 2000-05-13 1.5 47 2986 -0.73 7 0.01 -

Notes. (Col. 1) name, (Col. 2) instrument, (Col. 3) obsID, (Col. 4) date, (Col. 5) aperture radius for the nuclear extraction, (Col. 6) net exposure
time, (Col. 7) number of counts in the 0.5-10 keV band, (Col. 8) hardness ratio, (Cols. 9 and 10) UV luminosity from the optical monitor and filter.
The ¢ represents data from different instruments that were compared as explained in Sect. 4.2.
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Table A.1. continued.
Name Instrument ObsID Date R Net Exptime Counts HR log (Lyv) Filter
) (ks) (erg/s)

(H 2 3 4 ) (6) (7 (8) © (10)

NGC5195 XMM-Newron 0112840201  2003-01-15 20 17 2976 -0.77*+0.01 4098 *0.01 UVWI
XMM-Newton 0212480801  2005-07-01 20 22 3756 -0.68+0.01 40.80*0.01 UVWI
XMM-Newton 0303420101  2006-05-20 20 27 4297 -0.69*0.01 40.89*0.01 UVWI
XMM-Newton 0303420201  2006-05-24 20 21 3312 -0.70+0.01 41.11+0.01 UVWI
XMM-Newton® 0677980701  2011-06-07 20 5 888 -0.79 * 0.01 -

Chandra“ 13813 2012-09-09 3 179 1340 -0.43+0.04 -
Chandra 13812 2012-09-12 3 157 1359 -0.42+0.04 -

NGC5813  XMM-Newton 0302460101  2005-07-23 30 20 25419  -0.9610.01 42.0170.01 UVWI
XMM-Newton 0554680201  2009-02-11 30 43 58 821 -0.95%0.01 42.04*0.01 UVWI
XMM-Newton® 0554680301  2009-02-17 30 43 58175  -0.95'0.01 42.04*0.01 UVWI

Chandra 5907 2005-04-02 3 48 518 -0.92+0.01 -
Chandra® 9517 2008-06-05 3 99 1181 —-0.90%0.01 -
Chandra 12951 2011-03-28 3 74 714 —0.95%0.01 -
Chandra 12952 2011-04-05 3 143 1451 —-0.90%0.01 -
Chandra 13253 2011-04-08 3 118 1295 -0.9170.01 -
Chandra 13255 2011-04-10 3 43 465 —-0.92%0.01 -

NGC5982  XMM-Newton 0673770401  2011-05-18 25 9 1932 -0.78 1 0.01 41.7110.05 UVM2

XMM-Newton 0693300301  2012-08-02 25 21 4235 -0.8710.01 41.65%0.07 UVM2
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Table A.2. Final compilation of the best-fit models for the sample, including the individual best-fit model for each observation, and the simulta-
neous best-fit model with the varying parameters.

Analysis ObsID Model N N kT r Norm; Norm, Y/d.of.
keV (1074 (1074 F-test
M @ A3 “) ®) (6) O ®) ® (10)
NGC315
Ind 0305290201  MEPL - 0.170% 056038 1.59]% 1.2017) 1.58} 7 197.97/198
Ind 855 MEPL - 0.35087 033033 1.5320) 0.52037 1.66777 15.16/17
Ind (3") 4156* MEPL  0.003% 07759 05203  1.61}75 0.40093 2.04254 190.43/172
Ind (25”) 4156 MEPL - 0.16)%  0.56)37  1.30}3 L17}% L5115 258.47/206
SMF0 All MEPL - 075090 05203  1.621% 0.40033 2,023 209.89/195
NGC 1052
Ind 093630101 ~ ME2PL - 13.77508  0.6209  1.241% 1.0543 6.0953  269.16/234
Ind 306230101  ME2PL - 9.30982 05093 1.30}3¢ 1.05}57 72031 799.19/822
Ind 553300301  ME2PL - 8.9603  0.615%  1.3843 1.090:14 10.16)'31 923.38/869
Ind 553300401*  ME2PL - 9.4798¢  0.5305 143148 11014 12,0233 1006.47/937
Ind (3") 5910 ME2PL - 53398 0.640%  1.2104¢ 0.37547 0.57,%  261.04/226
Ind (25”) 5910 ME2PL - 8.131L4 06108 1.25150 0.49556 0.61)2)  319.40/269
SMF2 093630101  ME2PL - 141415577 0.59991  1.3613 1.09}4! 8.065%  3043.69/2886
306230101 9.804%26 8.38%%7 1.0e-24
553300301 875010 9.74)040
553300401 9.2133 1041551
NGC 1961
Ind 0673170101*  ME2PL  0.000%5  20.833347  0.639%  2.00%3) 0.34032 1.443% 69.32/70
Ind 0673170301 ~ ME2PL  0.003%5  9.88182  0.5606!  1.84227 0.3154! 0.80,4 85.39/62
SMF0 All ME2PL - 15.602273  0.605%  1.95:% 0.37949 10753 165.72/142
NGC 2681
Ind 2060%* MEPL  0.1152¢ - 0.64071  1.671% 0.1208 0.07558 43.34/36
Ind 2061 MEPL  0.000 - 0.630%  1.61178 0.06)97 0.07558 29.71/33
SMFO All MEPL  0.07(5 - 0.640% 17315 0.09) 2 0.07908 81.23/72
NGC 2787
Ind (25”) 0200250101 PL - - - 1.611< - - 146.28/98
Ind (3") 4689 PL  0.09):% - - 2.21%38 - - 20.72/21
Ind (25”) 4689 PL  0.015% - - 1.70;% - - 42.31/48
NGC 2841
Ind 0201440101 ~ MEPL  0.82% 0.2903% 176,79 3327.57;%2%0  0.4953% 71.15/50
Ind (5”) 6096 MEPL  0.005 - 0.6307%  2.09%32 0.08727 0.131¢ 3.52/13
Ind (30”) 6096 MEPL  0.00{35 - 04835, 1.57173 0.16)2) 0.4953 54.51/57
NGC 3608
Ind 0099030101  ME2PL - 9.693%2  0.600%  2.13235 0.2193; 0.922%9 6.30/8
Ind 0693300101*  ME2PL - 1377333 0400350 2.11%32 0.2152¢ 0.95,%) 89.32/55
SMF0 All ME2PL - 10.0258 051590 2.21238 0.2492 0.954 88.67/70
NGC3718
Ind 0200430501 2PL  1.02)3;  0.0152 - 1.76,3] 0.219%3 5.5657%8 129.94/104
Ind 0200431301*  2PL  0.08335  0.96)39 - 1.67,% 0.31471 4.233¢ 56.16/71
Ind 3993 PL 09512 - - 1.731% - - 51.98/48
Ind 2PL  3.083%  0.87)% - 2.1539) 8743438 6.775%7 49.04/43

Notes. (Col. 1) kind of analysis performed, where Ind refers to the individual fitting of the observation, SMFO is the simultaneous fit without
varying parametes, SMF1 is the simultaneous fit varying one parameter and SMF2 is the simultaneous fit varying two parameters, (Col. 2) obsID,
where the * represents the data that are used as a reference model for the simultaneous fit, (Col. 3) best-fit model, (Cols. 4—9) parameters in the
model, where Ny are in units of 10> cm2, and (Col. 10) y?/d.o.f. and in SMFx (where x = 1,2) the result of the F-test is presented in the second

line.

A26, page 17 of 46



2. LINERS A&A 569, A26 (2014) 90
Table A.2. continued.
Analysis ObsID Model Nui N kT r Norm; Norm, y*/d.o.f.
keV (1074 (1074 F-test
) @) €) ) &) (©) @) ®) ) (10)
NGC 4261
SMF1 0200431301 2PL 0.099221.10132 - 179192032067 51152 237.70/224
0200430501 5.3194 1.0e-17
3993 8.0632
Ind 834 ME2PL  0.180%7  11.89150T  0.580%0 211397 02995 47257 110.82/80
Ind (3") 9569* ME2PL  0.1834 8401520 05703 124130 02603  2.1347 198.74/157
Ind (25”) 9569 ME2PL - 9.031220 06152 1.16}3 035047 0.64)1) 382.42/218
SMF0 All ME2PL  0.1803)  9.3819%% 0570 187219 02793 27015 312.57/247
Ind 0056340101 ME2PL  0.08)) 11970475 0.630¢F  1.8422  0.729%  2.820%0 278.12/255
Ind 0502120101* ME2PL  0.04000 9715 06408 1.75/%  0.64)%% 2.3074 563.80/461
SMF0 All ME2PL  0.04000  10.28)%°  0.640% 176,25  0.67)% 2.36]3% 855.28/726
NGC 4278
Ind (3") 7077% MEPL 03193 0.012% 02733 2.06°5  0.8052  0.98'% 144.23/158
Ind (25”) 7077 MEPL 0.16)4 - 0.30037  1.881%3  0.813% 1.321% 250.15/210
Ind 7081 MEPL - - 0.630% 2,032l 0.1200  0.775%2 155.54/145
Ind 7080 MEPL 0.2271 - 04751 210223 0241370 0.6957 102.53/96
Ind 0205010101 PL 0.02593 - - 2.04208 - - 562.25/529
SMF1 7077 MEPL - - 0.580%2  2.0521L  0.11%12  0.97)% 414.71/415
7081 0.78452 6.7e-46
7080 0.68072
NGC 4374
Ind 0673310101 ME2PL  0.01992  269.7339221  0.620%  2.022%  1.06/2  20.74116127  283.99/282
Ind 803 MEPL 04507 01792 0.300%  2.06%42 08707 0450 35.48/36
Ind 5908 PL 0.10043 - - 2.182% - - 78.73/87
MEPL 0.000%  0.1008 054570 20722 00603  0.83%%3 67.73/81
Ind (2”) 6131 MEPL 0.0092  0.000%  0.600% 148181 0.11953  0.14013 33.27/28
Ind (25") 6131 MEPL - - 0.5507  1.952%2 2,073 09003 160.27/114
SMF1 5908 MEPL 0.0200 0.090 0590 19821 0.1007  0.80)%% 161.08/154
803 0.3994 3.02e-55
6131 0.220%
NGC 4494
Ind 0071340301* PL - - - 1.76183 - - 115.04/74
Ind (3”) 2079 PL - - - 1.66, 2} - - 19.32/21
Ind (20”) 2079 PL 0.005%3 - - 1.49168 - - 69.38/43
SMF1 0071340301 - 18115 03603 117.35/86
2079 0.24527 6.9¢-09
NGC 4636
Ind 0111190201% MEPL - - 0.5303 24727 79382 101520 280.73/176
Ind 0111190701 MEPL - - 0.55037  2.582%  8.07%.3 1.01}% 958.65/344
SMF0 All MEPL - - 0.5503  2.582%  8.05%0} 1.02}07 1260.17/529
NGC 4736
Ind 0094360601 MEPL 0.005% - 04831 Le6M  1.5917 4273 337.72/297
Ind 0094360701 MEPL 0.015%  0.009% 04332 1.701%0 151174 4.00%) 100.34/100
Ind 0404980101* MEPL 0.0039} - 0.55037 16615 1.611%  3.873% 562.21/587
Ind (1.5”) 808 MEPL 0.339%  0.049% 05508 2.00%3  0320% 05307 66.80/86
Ind (20”) 808 MEPL - - 0.5193%  1.57%0 12813 3,073 232.63/232
SMF0 All MEPL - - 05403 1661 1.60I%  3.95101  1051.57/1002
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Table A.2. continued.
Analysis ObsID Model Nui N kT r Norm, Norm, y?/d.o.f.
keV (107%) (107%) F-test
€)) (2) (3) ) (5) (6) (7) (3) 9 (10)
NGC 5195
Ind 0112840201 MEPL 0.4285: - 0.298;3‘5‘ 1.58::}2 4.74§:§Z 0.37g:§§ 131.59/102
Ind 0212480801* MEPL 0.038:(1)8 0.008% 0.588328 14949 0.57833 0.538322 174.79/126
Ind 0303420101 MEPL 0.48853 - 0.288;% 1.41 {:gg 6. 17§:g‘§ 0.35823? 249.19/143
Ind 0303420201  MEPL 0.398323 - 0.31832 1.39};2 3.70%; 0.34833 177.87/111
Ind 0677980701  MEPL 0.638212 0.008:88 0.258;?; 1 .68%22*: 12. 14;77}1 0.46g:§§ 34.82/30
SMF1 0112840201 MEPL - - 0.618;23 1.51 :ig 0.558:2_; 0.36g§§ 639.89/533
0212480801 0.518;5@ 6.8e-12
0303420101 0.383:;“5’
0303420201 0.3783‘2
0677980701 0.45 gi(‘)
Ind (37) 13813 MEPL 0.408:?2 0.95(2):38 0.618;2; 1.53%:?)? 0.228;3‘; 0. 108;32 47.08/50
Ind (207) 13813 MEPL 0.23833 0.04&‘)(7) 0-578123 1.73%%9 0.428;_27 0. 128:(1); 129.49/107
Ind 13812 MEPL 0.418;88 0.1 8882 0.628;}; 1.37:}3 0.1 lgfg 0.1 182(2)['; 59.03/50
SFMO All MEPL 03731 0.1505  0.620%7  1.27;%  0.1403  0.07052  134.19/106
NGC 5813
Ind 5907 MEPL 0.42822 0.00(2):38 0.278:%? 3.988 0.523;%? 0.0483(1)? 19.61/20
Ind (37) 9517 MEPL  0.000:5 - 056099 2.05%3 0.139%9 0.05097 50.12/39
Ind (25”) 9517 MEPL 0.098:(2)3 o.oogigg 0.548;22 2.04?:21 0. 108:(1); 0.038:83 27.74/16
Ind 12951 MEPL 0-0881(% 0.00 gég 0.648:28 3.928 0. 128% 0.058:(1)1 49.45/24
Ind 12952%* MEPL 0. 108:(1)8 - 0.608:2; 2.35%288 0. 148;{8 0.06838; 53.22/48
Ind 13253 MEPL o.oog;g)g 0.1 88;‘33 0.628;2; 2.44?:‘5)8 0.1 38;}? 0.088:(1)2 59.76/43
Ind 13255 MEPL 0.2981‘1‘2 1.7 13:’5“; 0.33822 2.60?'10 0.63(‘)}[3‘ 0.20(‘)1(1)8 21.43/15
SMFO0 All MEPL 0.018288 0.068:(')(7) 0.608:2% 2.40%:37 0. 128;}? 0.078:82 260.993/213
Ind 0302460101  MEPL 0.018:33 08i88 0.588122 2. 10%:(3)3 7.1 2232 0.538122 436.83/251
Ind 0554680201 MEPL 0.01818(') 0.008:8(1) 0.608:2? 1.88%:(7)1 7.28;‘1‘2 0.478138 687.18/329
Ind 0554680301* MEPL 0.008:3(‘) - 0.598;28 1 .66}:1; 7. 19;?} 0.44812(5’ 849.57/334
SMFO0 All MEPL 0.018:3(‘) 0.0lgig(l) 0.59 828 1.95 %:8} 7. 17;:(2)[7‘ 0.5 lgjg 1937.02/918
NGC 5982
Ind 0673770401 MEPL - - 0.538% 1.28(')138 0.818132 0.2381%3 65.24/64
Ind 0693300301*  MEPL - - 0.52823 1 .52}:;? 0.768152 0.1 681%? 186.37/117
SMF1 0693300301  MEPL - - 0.528123 1 .34}:% 0.798% 0.1 38:{8 260.60/189
0673770401 0.26 8;: 3.3e-9
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Table A.3. X-ray luminosities.

Individual Simultaneous
Name Satellite ObsID log (L(0.5-2keV))  log (L(2-10keV)) log (L(0.5-2keV))  log (L(2-10keV))
M @ 3 4 ® ©) @)
NGC315  XMM-Newton — 0305290201 4146514 41554137
Chandra 855 413134 41.554)% 41.38314 41.58414!
Chandra (3") 4156 41.385139 41.5815 41.384149 41.584;4,
Chandra (25") 4156 41‘443::22 41‘683::220
NGC1052 ~ XMM-Newton 093630101 40.96 4001 41.46 4141 40.99 4099 4147449
XMM-Newton 306230101 40.96 4097 4148 4142 41.01 519 41.49 4149
XMM-Newton 553300301 4110418 41.56 438 41.06 5197 415533
XMM-Newton 553300401 4r124183 41.55 4138 41.09 459 41.57 4138
Chandra (3" 5910 40.19 3029 41294139 - -
Chandra (25) 5910 40.29 4031 41.34 4137 - -
NGC1961  XMM-Newton 0673170101 41204132 4127413} 4120512 41234137
XMM-Newton 0673170301 41424498 41.01 459 41204138 41234137
NGC 2681 Chandra 2060 39.113088 38.8938%0 39.02359 38.9338%
Chandra 2061 38.955%% 38.9530%2 39.02339 38.9338%
NGC2787  XMM-Newton 0200250101 39.133913 39.493932
Chandra (3" 4689 38.955%%0 38.86359¢
Chandra (25 4689 39.15518 39343958
NGC2841  XMM-Newton 0201440101 39.743978 39.753%7
Chandra (5) 6096 39.2239%7 39.16302
Chandra (30") 6096 39.713% % 39.8639 5
NGC3608  XMM-Newton 0099030101 39.6559% 40.37 9041 40.32 3034 40.24 4928
XMM-Newton 0693300101 40.33303 40.31 4932 40.32 3038 40.24 9028
NGC3718  XMM-Newton 0200430501 40.655057 40.84408¢ 40.66;058 40.865058
XMM-Newton 0200431301 40.423048 40.8550% 40.64309 40.8430%
Chandra (3") 3993 40.763079 41.01904 40.8330%¢ 40.99392
Chandra (25") 3993 40.755078 41.024003
NGC4261 Chandra 834 41.184129 4111427 40.9840:98 41.02459
Chandra (3") 9569 40923004 41.0008 40.983098 41.02459
Chandra (25") 9569 40.793054 40974999
XMM-Newton 0056340101 41.303138 41.1941% 41143113 41134143
XMM-Newton 0502120101 4122413 41153118 4114515 411341
NGC4278  Chandra (3") 7077 39.87 3988 39.76 3998 39.86 3057 39.82 3084
Chandra (25 7077 40.14 347 40.06 3008 - -
Chandra 7081 39313932 39.27 3% 39.78 3579 39.73 357
Chandra 7080 39.78 3951 39.62 4073 39.73 3573 39.67 3952
XMM-Newton 0205010101 40.73 4974 40.77 3078 - -
NGC 4374 Chandra 803 39.954092 39.533% 39.835% 39.823,5¢
Chandra 5908 39.83 3086 39.80 3952 39.57303 39.5139%3
Chandra 6131 39303933 39.39 3948 39393942 39.28 3932
Chandra(25") 6131 40.39304 39.9849%%
XMM-Newton 0673310101 41.30 4139 41314133
NGC4494  XMM-Newton 0071340301 39.29393! 39.50395¢ 39.26392% 39.483937
Chandra (3" 2079 39.133540 39.373938 391034 39.29304%
Chandra (20" 2079 39.2933% 39.653 %3
NGC4636  XMM-Newion 0111190201 4085305 39.89300¢ 40.86 1050 39.81 3%
XMM-Newton 0111190701 40.874087 39.05353 40.86 405 39.81 305
NGC4736 ~ XMM-Newton 0094360601 39.63305 39.75397% 39.61 3541 39.73 3574
XMM-Newton 0094360701 39.59 355 39733578 39.61 3541 39.73 3573
XMM-Newton 0404980101 39.743073 39773978 39.61 3591 39.73 3973
Chandra 808 38.80 3554 38.603551
Chandra (20" 808 3950393 39.66 3957

Notes. (Cols. 4 and 5) soft and hard intrinsic luminosities for individual fits, and (Cols. 6 and 7) soft and hard intrinsic luminosities for simultaneous
fitting. Blanks mean observations that are not used for the simultaneous fittings.
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Table A.3. continued.
Individual Simultaneous
Name Satellite ObsID log (L(0.5-2 keV)) log (L(2—10 keV)) log (L(0.5-2keV)) log(L(2—-10 keV))
(1) (2) 3) ) (5) (6) @)

NGC5195 XMM-Newton 0112840201 39.8630 5 391737 39.22 392 39.19372
XMM-Newton 0212480801 39.29%3% 39.393%42 39.28 3930 39.34 3937
XMM-Newton 0303420101 39.44354 39.3922:‘3‘2 39.23 32 39.20 393
XMM-Newton 0303420201 39.763 7% 39.2333¢ 39.22 392 39.20 397
XMM-Newton — 0677980701 40.193033 39.19%36 39.26 3978 39.28%33
Chandra (3") 13813 3877358 38.593546 38.59 gggé 38.61 332‘7‘

Chandra (20") 13813 39.00 3993 38.55 358
Chandra 13812 38.603555 38.6635 73 38.59 388 38.61 354
NGC5813 Chandra 5907 40.093%33 39.32 3¢ 39.68% 3 39.073552
Chandra (3") 9517 39.69 2322 39.15%2 39.68;3:;% 39.07;%2

Chandra (30") 9517 39.5333:22 39.03;3:21;;’
Chandra 12951 39.67389 39.023518 39.68% 7 39.073548
Chandra 12952 39.7323;8 39.0035%9 39.68;3:;_% 39.07;252
Chandra 13253 39.74;3:2} 39.0923%% 39.68;3:3 39.07;3:52
Chandra 13255 3936243 393034 39.68%7 39,0738
XMM-Newton 0302460101 41324133 40.233028 41333133 40.303032
XMM-Newton 0554680201 41.52513 40.8430%7 41333133 40.303032
XMM-Newton 0554680301 41.32513 40.38,04 41.335133 40.303032
NGC5892  XMM-Newton 0673770401 40.7307 40.680 13 40.72;073 40.6130%
XMM-Newton 0693300301 40.6718:% 40.1 ljg:(')g 40.6728:22 40.323037
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Table A.4. Results for the best fit of the annular region (ring) in Chandra data, and the best fit obtained for the nucleus of XMM-Newton data
when the contribution from the annular region was removed.

Name (obsID) Region Model Nui N kT r )(f log(Lsoft) log(Lhaa)  Cont.
(102 cm™) (102 cm™@) (keV) (0.5-2keV) (2-10keV) %
(D 2 3) () (©) 6) (@) (8 ) (10) (1)
NGC 315 (4156) Ring* MEPL - - 0.598:2; 1.47::2? 1.49 41.13 40.88 3
NGC 315 (0305290201)  Nucleus™  MEPL - 0.77(‘):25 0.538;5@ 1.96?:%2 0.97 41.41 41.43 -
NGC 1052 (5910) Ring* ME2PL - 26. 10??;‘);‘ 0.3 lgzg 1.98%33? 1.47 40.185 40.563 10
NGC 1052 (093630101)  Nucleus™ ME2PL - 7.543:% 0.788:22 1.69}:?8 1.13 39.875 41.235 -
NGC 2787 (4689) Ring* PL 0.008:83 - - 1.59{:35 1.05 38.82 39.23 53
NGC 2787 (0200250101)  Nucleus™ PL - - - 1.65{:;1 1.49 39.12 39.47 -
NGC 2841 (6096) Ring* PL 0.023(‘)(1) - - 1.96?;‘7‘3 1.09 39.54 39.60 60
NGC 2841 (0201440101)  Nucleus™  MEPL 0.4383(1) - 0.313?8 2.19?:3;‘ 1.41 39.73 39.77 -
NGC4261 (9569) Ring* MEPL 0.068}‘); 0.008:83 0.618% 1.87?:% 2.07 40.663 40.252 37
NGC4261 (0502120101)  Nucleus™ ME2PL - 8.293;33 0.678?5g 1.56}:}% 1.21 40.857 41.051 -
NGC4278 (7077) Ring* MEPL - - 0.298:?3 1.61 }g} 1.12 39.551 39.707 38
NGC4278 (0205010101)  Nucleus™ PL 0.028:83 2.05%:(1);’ 1.05 40.681 40.736 -
NGC4374 (6131) Ring* MEPL - - 0.548:22 2.11%3; 1.41 40.36 39.78 84
NGC4374 (0673310101)  Nucleus™  MEPL - - 0.7 lg:gg 1.57}322 1.06 40.00 39.76 -
NGC 4494 (2079) Ring* ME - - 4.00, 5, 3.23 38.76 38.88 21
NGC 4494 (0071340301) Nucleus™ PL - - 1.76}:2; 1.54 39.25 39.54 -
NGC 4736 (808) Ring* MEPL - - 0.528:23 1.50}:2‘7‘ 1.12 39.41 39.60 84
NGC4736 (0404980101) Nucleus™  MEPL - - 0.628:_2; 2.03%:;2 0.93 39.15 39.04 -
NGC5195 (13813) Ring* ME 0.328:;; - 0.548:23 1.35 39.00 37.18 74
NGC 5195 (0677980701)  Nucleus™  MEPL 0.668:2? - 0.238:?2 1.71 :3; 1.11 39.17 39.14 -
NGC 5813 (9517) Ring* MEPL - - 0.598?3 2.29%1‘1‘(7) 1.55 41.08 40.22 100
NGC 5813 (0554680301) Nucleus™  MEPL - - 0.7 18;3 0.5431(1)8 1.78 40.85 40.05 -

Notes. (Col. 1) name and obsID in parenthesis, (Col. 2) extracted region, (Col. 3) best-fit model, (Cols. 4—8) parameters of the best-fit model,
(Cols. 9 and 10) soft and hard intrinsic luminosities, and (Col. 11) the percentage of the contribution from the ring to the r aperture Chandra
data in the 0.5-10.0 keV band. ¥ Spectral parameters of the annular region in Chandra data. ** Spectral parameters of the nuclear region in

XMM-Newton data when the spectral parameters of the ring from Chandra data are included in the fit.

Table A.5. Simultaneous fittings taking into account the contribution from the annular region given in Table A.4.

ObsID N Nuo kT r Norm; Norm, y?/d.of. log (Lsot) log (Lhara)
(102 cm™) (102 cm™)  (keV) (107 (107 (0.5-2keV) (2-10keV)
(1) 2 (3) 4) (5) (6) (7 (®) ) (10)
NGC315
0305290201 - 0.86,% 05203 1.85]9%  0.420%  2.382)1  467.58/379 41.445153 41.543138
4156 ALA445 5 4151513
NGC 1052
0093630101 - 6.1178 0.6807  1.58179 04803  1.28152  577.98/477 40.35,038 4133313
5910 4035535 41275135
NGC4261
0502120101 0.035:%8 7.64872 0.6008  1.5517>  0.220%5  1.5332  972.83/627 40.8430% 410349
9569 40,8413 4099557
NGC 4278
0205010101 0.03093 - - 21155 7.74;:23 844.93/690 40.71557 40.713972
7077 115018 39.8058  30.869
NGC 4494
0071340301 0.00598 1.811%  0.36)3% 117.35/86 39.26;3:%2 41.853298
2079 024021 30.10001 41,8520

Notes. (Col. 1) name and obsID in parenthesis, (Col. 2—7) parameters of the best-fit model, (Col. 8) y?/d.o.f., and (Cols. 9 and 10) soft and hard

intrinsic luminosities.
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Table A.6. Statistics of the light curves.

Name ObsID Energy x*/d.of.  Prob.(%) Thixs (Thxs)
(D 2 3 (€] ) (6) @)
NGC315 4156 0.5-10 50.2/55 34 <0.0046
0.5-2 <0.0086
2—-10 0.0096 * 0.0059
NGC 1052 0306230101 0.5-10 57.1/49 80 <0.0012
0.5-2 <0.0039
2-10 <0.0018
0553300301 0.5-10 49.5/46 66 <0.0012
0.5-2 <0.0037
2—-10 <0.0016
0553300401 0.5-10 39.3/49 16 <0.0011
0.5-2 <0.0037
2—-10 <0.0016
5910 0.5-10 48.6/59 17 <0.0046
0.5-2 <0.0160
2-10 <0.0070
NGC 2681 2060 0.5-10 (1) 109.8/80 98 <0.0450 <0.0302
0.5-10(2) <0.0403
0.5-2 (1) <0.0517 <0.0344
0.5-2(2) <0.0454
2—10 (1) <0.3848 <0.2995
2-10 (2) <0.4590
2061 0.5-10 133.0/78 100 <0.0447
0.5-2 <0.0510
2—-10 <0.5007
NGC2787 4689 0.5-10 33.4/30 70 <0.0357
0.5-2 <0.0464
2-10 <0.1732
NGC 3226 860 0.5-10 51.2/45 76 0.0367 * 0.0227
0.5-2 0.0838 * 0.0649
2-10 <0.0784
NGC4261 834 0.5-10 35.8/34 62 <0.0063
0.5-2 <0.0079
2-10 <0.0306
9569 0.5-10 (1) 85.7/100 15 <0.0072 <0.0051
0.5-10(2) <0.0072
0.5-2 (1) <0.0095 <0.0068
0.5-2(2) <0.0097
2—-10 (1) <0.0285 <0.0198
2-10(2) <0.0274
NGC4278 7077 0.5-10(1) 124.3/111 82 <0.0076 <0.0052
0.5-10(2) <0.0070
0.5-2 (1) <0.0093 <0.0062
0.5-2(2) <0.0083
2—-10 (1) <0.0461 <0.0307
2-10 (2) <0.0406
7081 0.5-10 (1) 91.4/107 14 <0.0090 <0.0062
0.5-10(2) <0.0086
0.5-2 (1) <0.0109 <0.0075
0.5-2(2) <0.0104
2—-10 (1) <0.0538 <0.0361
2-10(2) <0.0482
7080 0.5-10 41.0/55 8 <0.0095
0.5-2 <0.0116
2-10 <0.0573
NGC4374 5908 0.5-10 77.8/46 97 0.0089 * 0.0048
0.5-2 0.0094 * 0.0061
2-10 <0.0540
6131 0.5-10 38.1/39 49 <0.0278
0.5-2 <0.0325
2-10 <0.1785

Notes. (Col. 1) name, (Col. 2) obsID, (Col. 3) energy band in keV, (Cols. 4 and 5) y?/d.o.f. and the probability of being variable in the 0.5-10.0 keV
energy band of the total light curve, (Col. 6) normalized excess variance, O-Iz\IXS’ and (Col. 8) the mean value of the normalized excess variance,
(o-szs), for each light curve and energy band.
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Table A.6. continued.

Name ObsID Energy x*/d.of.  Prob.(%) Thxs (%)
(D 2 (3) 4 (®) (6) @)
NGC4636 0111190701 0.5-10 40.9/56 7 <0.0005
0.5-2 <0.0005
2—-10 0.0278 * 0.0201
NGC4736 0404980101 0.5-10 50.5/39 94 0.0005 * 0.0003
0.5-2 0.0005 * 0.0004
2-10 0.0030 * 0.0015
808 0.5-10 89.64/35 100 0.0082 * 0.0063
0.5-2 0.0137 * 0.0078
2—-10 <0.0788
NGC 5195 13813 0.5-10(1)  247.4/179 100 <0.1059 <0.0393
0.5-10 (2) <0.0672
0.5-10 (3) <0.0631
0.5-10 (4) <0.0709
0.5-2 (1) <0.1544 <0.0557
0.5-2(2) <0.0957
0.5-2(3) <0.0876
0.5-24) <0.0950
2-10 (1) <0.4636 <0.1640
2-10(2) <0.2457
2-10 (3) <0.2805
2—-10 (4) <0.2758
13812 0.5-10(1) 231.4/157 100 <0.0626 0.011670.0004
0.5-10 (2) 0.0437 + 0.0285
0.5-10 (3) <0.0512
0.5-2 (1) <0.0890 0.0189+0.0011
0.5-2(2) 0.0764 * 0.0434
0.5-2(3) <0.0756
2-10 (1) <0.2172 <0.1203
2-10(2) <0.2260
2-10 (3) <0.1787
NGC 5813 5907 0.5-10 31.6/48 4 <0.0417
0.5-2 <0.0447
2-10 <1.1984
9517 0.5-10 (1) 100.4/97 61 <0.0415 <0.0294
0.5-10 (2) <0.0417
0.5-2 (1) <0.0440 <0.0320
0.5-2(2) <0.0464
2-10 (1) <0.7487 <0.6505
2-10(2) <1.0640
12951 0.5-10 73.8/73 55 <0.0487
0.5-2 <0.0538
2—-10 <1.6736
12952 0.5-10(1) 165.7/142 91 <0.0445 <0.0264
0.5-10 (2) <0.0464
0.5-10 (3) <0.0464
0.5-2 (1) <0.0480 <0.0284
0.5-2(2) <0.0494
0.5-2(3) <0.0498
2-10 (1) <1.0246 <0.7446
2-10 (2) <1.5137
2-10 (3) <1.2842
13253 0.5-10(1) 129.8/117 80 <0.0482 <0.0321
0.5-10 (2) <0.0424
0.5-2 (1) <0.0533 <0.0347
0.5-2(2) <0.0445
2-10 (1) <0.6305 <0.7111
2-10(2) <1.2749
13255 0.5-10 46.5/42 71 <0.0487
0.5-2 <0.0556
2—-10 <0.7024
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Appendix B: Notes and comparisons with previous
results for individual objects

B.1. NGC315

NGC315 is a radio galaxy located in the Zwicky cluster
0107.5+3212. It was classified optically as a type 1.9 LINER by
Ho et al. (1997) and as an AGN candidate at X-ray frequencies
(Gonzalez-Martin et al. 2009b).

At radio frequencies (VLBI and VLA) the galaxy shows an
asymmetric morphology, with a compact nuclear emission and
a one-sided jet (Venturi et al. 1993). The jet can also be ob-
served in X-rays (see Appendix C). Using VLA data, Ishwara-
Chandra & Saikia (1999) did not find significant variability over
a timescale of ~12 years.

In X-rays, it was observed twice with Chandra in 2000 and
2003 and once with XMM-Newton in 2005. Younes et al. (2011)
found variations in I" (from 1.5*0.1 to 2.1f8:;), and a decreas-
ing in the hard luminosity of 53% between 2003 and 2005. They
included the emission of the jet in XMM-Newton data to derive
the nuclear spectral parameters. With the same data set, we ob-
tained very similar individual spectral fittings and luminosities
(see Tables A.2 and A.3 for Chandra data and Table A.4 for
the nuclear region in XMM-Newton data). However, we do not
find spectral variations, since SMFO was used both for Chandra
data and when comparing Chandra and XMM-Newton. The dif-
ference found with the results reported by Younes et al. (2011)
might be due to the different errors. A large set of X-ray obser-
vations would be desirable to obtain conclusive results.

XMM-Newton data were used to study short-term variations.
From its PSD analysis, Gonzélez-Martin & Vaughan (2012) did
not find them in any of the energy bands (soft, hard, total). From
the light curve in the 0.5-10 keV energy band, Younes et al.
(2011) reported no variations. We found 0'12\1)(5 > 0 at 1.60 con-
fidence level in the 2—10 keV energy band, consistent with no
variability.

At UV frequencies, Younes et al. (2012) derived the lumi-
nosities from the OM onboard XMM-Newton with UVW2 and
UVM2 filters that agree with our results. Variability cannot be
studied since OM data are only available at one epoch.

B.2. NGC 1052

This is the brightest elliptical galaxy in the Cetus I group.
Previously classed as a LINER in the pioneering work by
Heckman (1980), it was classified optically as a type 1.9 LINER
(Ho et al. 1997) and as an AGN candidate at X-ray frequen-
cies (Gonzdlez-Martin et al. 2009b). VLA data show a core-
dominated and a two-sided jet structure at radio frequencies
(Vermeulen et al. 2003).

NGC 1052 was observed twice with Chandra and five times
with XMM-Newton. Long-term variability studies are not found
in the literature. We find variations caused by the nuclear power,
Norm, (49%) and the column density, Ny, (31%), both at hard
energies, in an eight-year period.

Gonzélez-Martin & Vaughan (2012) studied short term vari-
ations from the PSD with XMM-Newton data and did not find
variations in any of the energy bands. We analyzed Chandra
and XMM-Newton light curves and found no variations. Short-
term variations were previously studied with other instru-
ments; Guainazzi et al. (2000) studied BeppoSAX data and
did not find short-term variations. The most recent observation
in X-rays reported so far is a 100 ks observation taken with
Suzaku in 2007, the derived spectral characteristics reported by

Brenneman et al. (2009) appear to be similar to those
from XMM-Newton, which are compatible with the values in
Gonzalez-Martin et al. (2009b), Brightman & Nandra (2011),
and this paper (intrinsic luminosity of log (L(2—-10 keV)) ~
41.5), and no variations along the observation.

In the UV range, Maoz et al. (2005) studied this galaxy with
HST ACS and found a decrease by factor of 2 in the flux of the
source between the 1997 data reported by Pogge et al. (2000)
and their 2002 dataset. We found UV flux variations of a factor
of 1.3 using XMM-OM data in a seven-month period.

B.3. NGC 1961

NGC 1961 is one of the most massive spiral galaxies known
(Rubin et al. 1979). It was classified as a type 2 LINER by Ho
et al. (1997). MERLIN and EVN data show a core plus two-
sided jet structure for this source at radio frequencies (Krips et al.
2007), which makes it a suitable AGN candidate.

This galaxy was observed once with Chandra in 2010 and
twice with XMM-Newton in 2011. X-ray variability from these
data was not studied before. We did not find variations in a one-
month period.

No information in the UV is found for this object in the
literature.

B.4. NGC 2681

The nucleus of this galaxy was optically classified as a type 1.9
LINER (Ho et al. 1997). Classified as an AGN and as a
Compton-thick candidate in X-rays (Gonzdlez-Martin et al.
2009b,a), a nuclear counterpart at radio frequencies has not been
detected (Nagar et al. 2005).

The source was observed twice with Chandra in January and
May 2001. Younes et al. (2011) did not find short-term varia-
tions from the analysis of the light curves or long-term variations
from the spectral analysis. These results agree with our variabil-
ity analysis.

At UV frequencies, no variations were found (Cappellari
et al. 1999).

B.5. NGC2787

The nucleus of NGC 2787 is surrounded by diffuse emission ex-
tending up to ~30” (Terashima & Wilson 2003). It was opti-
cally classified as a type 1.9 LINER (Ho et al. 1997) and as
an AGN candidate at X-ray frequencies (Gonzalez-Martin et al.
2009b).

Nagar et al. (2005) detected a radio core with VLA, while
evidence of a jet structure has not been found in the literature.
Flux variations were obtained at 2 and 3.6 cm on timescales of
months (Nagar et al. 2002).

In X-rays, this galaxy was observed twice with Chandra in
2000 (snapshot) and 2004 and once with XMM-Newton in 2004.
Younes et al. (2011) found this to be a non-variable object at
long-timescales after correcting XMM-Newton data from con-
tamination of X-ray sources. Because of the high contamination
from the extranuclear emission in XMM-Newton data, we did not
perform a simultaneous fit for this object.

From one Chandra light curve, Younes et al. (2011) calcu-
lated an upper limit of 0-12\0(57 with which our value agrees.

No UV data are found in the literature.
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B.6. NGC 2841

Ho et al. (1997) optically classified NGC2841 as a type 2
LINER. It was classified as an AGN candidate at X-ray fre-
quencies by Gonzdlez-Martin et al. (2009b). This galaxy shows
some X-ray sources in the surroundings (Gonzélez-Martin et al.
2009b). A core structure was found with VLA by Nagar et al.
(2005), without evidence of any jet structure.

NGC 2841 was observed twice with Chandra in 1999 (snap-
shot) and 2004 and once with XMM-Newton in 2004. We did
not use in the analysis the snapshot Chandra data because it
does not have a high enough count rate for the spectral analy-
sis. Moreover, since the extranuclear emission in Chandra data
contributed with 60% in the 0.5—-10.0 keV energy band, we can-
not analyze the spectral variations in this source. No information
on variability is reported in the literature for this source.

B.7. NGC 3226

NGC 3226 is a dwarf elliptical galaxy that is strongly interact-
ing with the type 1.5 Seyfert NGC 3227, located at 2’ in pro-
jected distance (see Fig. C.19 in Gonzdlez-Martin et al. 2009b).
NGC 3226 was optically classified by Ho et al. (1997) as a
type 1.9 LINER, and as an AGN candidate at X-ray frequencies
by Gonzdlez-Martin et al. (2009b). A compact source is detected
with VLA (Nagar et al. 2005), without evidence of any jet struc-
ture.

This galaxy was observed twice with Chandra in 1999 and
2001 and four times with XMM-Newton from 2000 to 2006.
The possible contamination of NGC 3227 prevents an analysis
of long-term variations. We refer to HG13 for details on this
subject.

We analyzed one Chandra light curve and obtained O%XS >
0 below 20, consistent with no short-term variations.

UV variations are not found in the literature. We found 11%
variations in the UVW1 filter from OM data.

B.8. NGC 3608

NGC 3608 is a member of the Leo II group, which forms a non-
interacting pair with NGC 3607. It was optically classified as a
type 2 LINER (Ho et al. 1997). No hard nuclear point source
was detected in Chandra images (Gonzélez-Martin et al. 2009b),
thus it was classified in X-rays as a non-AGN candidate, and also
it appears to be a Compton-thick candidate (Gonzalez-Martin
et al. 2009a). A compact nuclear source at radio frequencies has
not been detected (Nagar et al. 2005).

This galaxy was observed once with Chandra and twice
with XMM-Newton in 2000 and 2012. Variability studies are not
found at any frequency in the literature. We did not find varia-
tions in the 12-year period analyzed.

B.9. NGC 3718

NGC 3718 has a distorted gas and a dusty disk, maybe caused
by the interaction with a close companion (Krips et al. 2007). It
was optically classified as a type 1.9 LINER (Ho et al. 1997). It
shows a point-like source in the 4.5-8.0 keV energy band (see
Fig. B.1), and therefore we can classify it as an AGN candidate
following Gonzdlez-Martin et al. (2009b).

At radio frequencies, NGC 3718 was observed with the
VLA by Nagar et al. (2005), and with MERLIN at 18 cm by
Krips et al. (2007), where it shows a core and a compact jet.
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Fig. B.1. Chandra image in the 4.5-8.0 keV energy band of NGC 3718,
where a point-like source can be distinguished.

Nagar et al. (2002) reported radio variability at 2 cm with VLA
data, although the result “is not totally reliable”.

In X-rays, this galaxy was observed once with Chandra in
1999 and twice with XMM-Newton in 2004. Younes et al. (2011)
studied all the available data for this object and reported it as
variable. When jointly fit Chandra and XMM-Newton data, we
found spectral variations in Norm; (37%).

Younes et al. (2011) did not find short-term variations from
the analysis of the light curves. We did not analyze short-term
variations because the length of the observations is <30 ks.

At UV frequencies, Younes et al. (2012) studied this galaxy
with XMM-Newton, but the nucleus was not detected, so they
estimated upper limits for the flux in one epoch.

B.10. NGC 4261

Ho et al. (1997) optically classified this galaxy as a type 2
LINER. Gonzilez-Martin et al. (2009b) classified it as an
AGN candidate at X-ray frequencies. NGC 4261 contains a pair
of symmetric kpc-scale jets (Birkinshaw & Davies 1985) and
a nuclear disk of dust roughly perpendicular to the radio jet
(Ferrarese et al. 1996).

It was observed twice with Chandra, in 2000 and 2008, and
with XMM-Newton in another three epochs from 2001 to 2007.
Long-term variability studies are not found in the literature. We
did not find variations in six years period.

Sambruna et al. (2003) found variations of 3—5 ks in the
2—10keV and 0.3—8.0 keV energy bands in the light curve from
2001, and argued in favor of these variations being more closely
related to the inner X-ray jet than to an advection-dominated ac-
cretion flow (ADAF), since the expected timescale for the light-
crossing time of an ADAF was ~2 orders of magnitude longer
than the observed variability timescale. In HG13 we analyzed
the same observation in the 0.5-10 keV band and reported it
as non-variable. However, we notice that O'ZNXS = 0.10970.099
at 1o confidence level. In the present paper we did not analyze
this light curve since the net exposure time is shorter than 30 ks.
Other light curves were studied. Gonzélez-Martin & Vaughan
(2012) did not find short-term variations from the PSD analy-
sis of XMM-Newton data. In the present study we analyzed two
Chandra observations and cannot confirm rapid variations in this
source, since upper limits for the ‘Téxs were obtained in both
cases.
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No information from the UV is found in the literature. We
found variation of a 10% (33%) in the UVW1(UVW?2) filter.

B.11. NGC 4278

The north-northwest side of NGC 4278 is heavily obscured by
large-scale dustlanes, whose distribution shows several dense
knots interconnected by filaments (Carollo et al. 1997). It is an
elliptical galaxy with a relatively weak, broad H, line, which
caused Ho et al. (1997) to classify it optically as a type 1.9
LINER. It was classified at X-ray frequencies as an AGN candi-
date (Gonzalez-Martin et al. 2009b).

A two-sided jet is observed at radio frequencies wih VLBA
and VLA (Giroletti et al. 2005). Nagar et al. (2002) reported
radio variability at 2 and 3.6 cm with VLA data. However, these
results “are not totally reliable”.

In X-rays this galaxy was observed on nine occasions with
Chandra from 2000 to 2010 and once with XMM-Newton in
2004. Brassington et al. (2009) used six Chandra observations
and found 97 variable sources within NGC 4278, in a 4’ ellipti-
cal area centered on the nucleus, none of them within the aper-
ture we used for the nuclear extraction. Pellegrini et al. (2012)
studied Chandra observations of NGC 4278 and found an X-ray
luminosity decrease by a factor of ~18 between 2005 and 2010.
Younes et al. (2010) detected a factor of ~3 flux increase on
a timescale of a few months and a variation of a factor of 5 be-
tween the faintest and brightest observations (separated by about
three years). We used three of these observations (others were
affected by pileup or did not meet the minimum count number),
and found that our spectral fittings agreed well with theirs, al-
though we found weaker variations in luminosities.

While the different Chandra observations did not show
short-term variability, during the XMM-Newton observation
Younes et al. (2010) found a flux increase of a 10% in few hours.
With the same dataset, HG13 obtained a 3% variation in the
same time range, the difference being most probably due to the
different apertures used for the analysis (10" vs. 25”).

In the UV, Cardullo et al. (2008) found that the luminosity
increased by a factor of 1.6 in about six months using data from
HST WFPC2/F218W.

B.12. NGC 4374

NGC4374 is one of the brightest giant elliptical galaxies in the
center of the Virgo cluster. Optically classified as a type type 2
LINER (Ho et al. 1997), at X-ray frequencies it is a Compton-
thick AGN candidate (Gonzalez-Martin et al. 2009a,b).

It shows a core-jet structure at radio frecuencies, with two-
sided jets emerging from its compact core (Xu et al. 2000).
Nagar et al. (2002) reported flux variations at 3.6 cm with VLA,
and variations at 2 cm that “are not fully reliable”.

This galaxy was observed four times with Chandra, twice
in 2000 (ObsID 401 is a snapshot) and twice in 2005, and once
with XMM-Newton in 2011. No information about variability in
X-ray or UV is found in the literature. Here we report strong
variations at hard energies (73% in Normy,).

We analyzed two Chandra light curves, one of them with
O-IZ\IXS > 0 below 20 confidence level, which is compatible with
no variations.

B.13. NGC 4494

NGC 4494 is an elliptical galaxy located in the Coma I cloud.
It was optically classified as a type 2 LINER (Ho et al. 1997),
and at X-rays as an AGN candidate (Gonzalez-Martin et al.
2009b). The nucleus of this galaxy was not detected in radio
with VLA data (Nagar et al. 2005).

This galaxy was observed twice with Chandra in 1999 (snap-
shot) and 2001 and once with XMM-Newton in 2001. Variability
analyses are not found in the literature. We report the source as
variable at X-ray frequencies.

B.14. NGC 4636

NGC4636 was optically classified as a type 1.9 LINER by
Ho et al. (1997). At X-rays it does not show emission at hard
energies and therefore was classified as a non-AGN candi-
date (Gonzdlez-Martin et al. 2009b). It was also classified as a
Compton-thick candidate (Gonzalez-Martin et al. 2009a).

Atradio frequencies, it shows a compact core with VLA data
(Nagar et al. 2005). Recently, Giacintucci et al. (2011) found
bright jets at radio frequencies. No variations were found at 2 cm
with VLA data (Nagar et al. 2002).

This galaxy was observed four times with Chandra data be-
tween 1999 and 2003, and three times with XMM-Newton be-
tween 2000 and 2001. O’Sullivan et al. (2005) studied the X-ray
morphology of the galaxy and suggest that it can be the result of
a past AGN that is actually quiescent. Long-term variations were
not found in the present analysis.

Gonzélez-Martin & Vaughan (2012) did not find short-term
variations from the analysis of XMM-Newton light curves. From
one XMM-Newton light curve, we found O%XS > (0 at 1.40 con-
fidence level. We did not find long term variations.

No UV variability studies are found in the literature. Our
analysis lets us conclude that it is variable at UV frequencies.

B.15. NGC 4736

NGC 4736 is a Sab spiral galaxy, member of the Canes Venatici
I cloud (CVn I) (de Vaucouleurs 1975). Optically classified as a
type 2 LINER (Ho et al. 1997), it is an AGN candidate at X-ray
frequencies (Gonzdlez-Martin et al. 2009b). Nagar et al. (2005)
reported an unresolved nuclear source at its nucleus, using 0.15”
resolution VLA data, without evidence of any jet structure.

This galaxy was observed three times with Chandra between
2000 and 2008 and three times with XMM-Newton between 2002
and 2006. No long-term variability information is found in the
literature. In the present work we did not find any variation in a
four-year period.

It harbors a plethora of discrete X-ray sources in and around
its nucleus (see Appendix C). Eracleous et al. (2002) studied
Chandra data from 2000. They found a very dense cluster of ten
discrete sources in the innermost 400 X 400 pc of the galaxy.
They studied the brightest four sources (namely X-1 to X-4) and
found that spectra are well described by a single power-law with
photon indices in the range 1.1-1.8, and 2—10 keV luminosities
between 4-9 x 10* erg s~!. They also studied short-term vari-
ability from the analysis of the light curves. They estimated the
normalized excess variance (o> = 0.0670.04) of the nucleus of
NGC 4736 (X-2), and reported it as variable. The other sources
also showed short-term variations (see Table 5 in Eracleous et al.
2002). They argued that there is no evidence for the presence
of an AGN and concluded that this LINER spectrum could be
the result either of a current or recent starburst or of an AGN.
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Fig. B.2. Chandra image of NGC 5195 in the 4.5-8.0 keV energy band,
where a point-like source can be distinguished.

However, they noted that X-2 is the only source with an UV
counterpart detected by HST. Gonzalez-Martin et al. (2009b) as-
signed X-2 to the nucleus of the galaxy, since it coincides with
the 2MASS near-IR nucleus within 0.82”.

By studying BeppoSAX and ROSAT data, Pellegrini et al.
(2002) excluded variations of the 2—10 keV flux higher than
~50% on timescales on the order of one day. Comparing data
from both instruments, they did not find variations between 1995
and 2000. They concluded that the X-ray emission is caused by a
recent starburst in NGC 4736. However, they mentioned that an
extremely low-luminosity AGN could still be present, because
of a compact nonthermal radio source that is coincident with an
X-ray faint central point source.

Gonzédlez-Martin & Vaughan (2012) studied the PSD of
the XMM-Newton data from 2006 and found no short-term
variations.

We analyzed Chandra and XMM-Newton light curves.
Variations were found, but were throughout below the 20" confi-
dence level, in agreement with Eracleous et al. (2002).

At UV frequencies, Maoz et al. (2005) found long-term vari-
ations between 1993 and 2003, the nucleus being 2.5 times
brighter in 2003. From the OM data, we found variations of 66%
in the U filter between 2002 and 2006.

B.16. NGC 5195

NGC 5195 is tidally interacting with a companion SBO galaxy
NGC 5194 (M51). It was optically classified as a type 2 LINER
by Ho et al. (1997). It shows a point-like source in the
4.5-8.0 keV energy band (see Fig. B.2), and therefore we can
classify it as an AGN candidate following Gonzdlez-Martin et al.
(2009b). A radio counterpart was found by Ho & Ulvestad
(2001) with VLA data at 6 and 20 cm, without any jet
indications.
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This source was observed eight times with Chandra between
2000 and 2012 and five times with XMM-Newton between 2003
and 2011. Terashima & Wilson (2004) studied Chandra data
from 2000 and 2001 and found neither long term, nor short-
term variability in the full, soft, or hard energy bands. Since the
Chandra observations from 2000 and 2001 were rejected from
our sample because of the low number counts, we cannot com-
pare our spectral fittings with theirs. However, our estimate of
the luminosity in Chandra data agrees with their results. We
found this object to be variable on long-timescales, while short-
term variations were not detected.

At UV frequencies, no references are found in the literature.
We found variations in the UVW!1 filter.

B.17. NGC 5813

NGC 5813 is one of the galaxies in the group catalog compiled
by de Vaucouleurs (1975), with NGC 5846 being the brightest
member of the group. It was classified as a type 2 LINER by
Ho et al. (1997). The X-ray morphology is extremely diffuse,
with very extended emission at softer energies and without emis-
sion above 4 keV, which caused Gonzalez-Martin et al. (2009b)
to classify it as a non-AGN candidate. It was also classified as
Compton-thick candidate (Gonzalez-Martin et al. 2009a). At ra-
dio frequencies, it shows a compact core (Nagar et al. 2005) and
a jet-like structure (Randall et al. 2011).

This source was observed nine times with Chandra between
2005 and 2011 and three times with XMM-Newton between 2005
and 2009. Variability studies at X-ray and UV frequencies are
not reported in the literature. We did not find either long-term or
short-term variations in X-rays. UV variations were found in the
UVW1 filter.

B.18. NGC 5982

NGC 5982 is the brightest galaxy in the LGG 402 group, which
is composed of four members (Garcia 1993). Recently, Vrtilek
et al. (2013) found a compact radio core in the position of the
source using GMRT 610 MHz observations, which indicates that
this is an AGN-like object; jets were not detected.

This galaxy was observed twice with XMM-Newton in 2011
and 2012. Variability studies are not reported in the literature.
We found variations in the nuclear power (50%) in a one-year
period, while UV variations were not found.

Appendix C: Images

In this appendix we present the images from Chandra (left) and
XMM-Newton (right) that were used to compare the spectra from
these two instruments in the 0.5-10 keV band. In all cases, the
gray levels extend from twice the value of the background dis-
persion to the maximum value at the center of each galaxy.
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Fig. C.1. Images for Chandra data (left) and XMM-Newton data (right) for the sources in the 0.5-10 keV band. Big circles represent XMM-Newton
data apertures. Small circles in the figures to the left represent the nuclear extraction aperture used with Chandra observations (see Table A.1).
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Appendix D: Light curves

In this appendix the plots corresponding to the light curves are provided. Three plots per observation are presented, corresponding to soft (left),
hard (middle), and total (right) energy bands. Each light curve has a minimum of 30 ks (i.e., 8 h) exposure time, while long light curves are divided
into segments of 40 ks (i.e., 11 h). Each segment is enumerated in the title of the light curve. Count rates versus time continua are represented. The
solid line represents the mean value, dashed lines the * 1o~ from the average.
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Fig.D.3. Light curves of NGC 1052 from Chandra data.
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Fig.D.9. Light curves of NGC 4374 from Chandra data.
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Fig. D.11. Light curve



RS

2. LINE







2. LINERS

A&A 569, A26 (2014)

116

0.025

0.020 -

0.015F

0.010

Count—rate (counts/sec)

0.005 -

0.000

NGC5813 — 5907 (0.5-2.0 keV (1))
e P e

2 4 6
Time (h)

o
=)

NGC5813 — 9517 (0.5-2.0 keV (1))
T T T T T

0.025

0.020 -

0.015

Count—rate (counts/sec)

0.005

NGC5813 — 9517 (0.5-2.0 keV (2))
T

Time (h)

0.025

0.020 -

0.015

‘ T
0.010 ,‘ ‘

0.005

0.000

Count—rate (counts/sec)

——
;
i
T

N U
\
i
L i
]

be 1
|
]

be ——

6
Time (h)

NGC5813 — 12951 (0.5-2.0 keV (1))
T T T T T

0.025

0.020-

0.015

0.010

0.005

0.000L 1

Count—rate (counts/sec
j
T
|
T
i
e S,
e e r—
[ o —
pppa—
PR B —
R . S—
=
.

NGC5813 — 5307 (2.0-10.0 keV (1)) NGC5813 — 5907 (0.5-10.0 keV (1))
0.0025 —— — T T 0.025 —
0.0020 |~ - 0.020 —
A ~{mmmas B - 7
H 3
g <
< 0.0015 B o 0.015 —
L °
5 8
i t
€ S
3 S
S
0.0010f — 0010 —
0.0005 I ! ! ! 0.005 I I I I I
a 2 4 6 8 10 0 2 4 6 8 10 12
Time (h) Time (h)
NGC5813 — 9517 (2.0-10.0 keV (1)) NGC5813 — 9517 (0.5-10.0 keV (1))
0.004 T T T T 0.022 T T T T T
0.020 —
0.003H] 4 0.018 —
8 %o.ms: T i el At et o e |
B €
S 3
8 <
= 0.002f 2 B Rt -- e . 5 0.014H] ‘ ‘ ‘ B
3 3
g ° | [
E H ‘ \ ‘ \‘ \ ‘ ‘ | ‘\ ‘ ‘
S 3 0012 —
3 3§
8
0.001 B colof_ | X __ N o o A I O _ —
0.008 —
0.000 ! ! . ! ! 0.006 . I I I I I
2 4 6 8 10 0 2 4 6 8 10 12
Time (h) Time (n)
NGC5813 — 9517 (2.0-10.0 keV (2)) NGC5813 — 9517 (0.5-10.0 keV (2))
0.005 T T 0.025 —
0.004 - B
0.020 —
> 0.003F f £
S 3 5 . I DI Y I -
3 <
= o 0.015H —
e [TTTTTTTTTTTTTTOT - T - °
e I
§ ool i L
: i ‘ ‘ | ‘ ‘ H ‘ ‘ ‘ ‘
S
0.010H —
0.001f B i I
00000+ 1 1 T A I 0005L v 1y ‘ L I Ml ‘ M
0 2 4 6 8 10 2 0 2 4 6 8 10 2
Time () Time (h)
NGC5813 — 12951 (2.0-10.0 keV (1)) NGC5813 — 12951 (0.5-10.0 keV (1))
0.0025 T T T T T 0.025 T T T T T
0.020 -
0.0020 H —
3 Q
P £ 0015 -
S bh---- - ) Ep 3
8 <
< 0.0015H — .
2 3
2 T
L S 0010 B
3 3
S
0.0010 -
0.005 —
0.0008 b b el 0.000 I I I I I
0 2 4 6 ] 10 12 2 6 8 10 12
Time (n) Time (n)

Fig. D.13. Light curves of NGC 5813 from Chandra data. Note that ObsID. 9517 and 13253 are divided into two segments.
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Fig. D.13. continued.
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Seyfert 2

We find that LINERs are variable sources both at X-ray and UV frequencies, confirming the
AGN nature of these sources. The next natural step was to compare the variability patterns
observed in LINERs with those of more powerful AGN: the Seyfert family. We then applied the
same methodology used for LINERs to a sample of Seyfert galaxies.

Although the same method was applied for the study, a few differences are to be noted in
the analysis. On one hand, we needed to add two new models to fit the spectra of Seyferts,
which appeared to be more complex than those of LINERs. On the other hand, we made a
study of the Compton-thickness of the galaxies in the sample. Since the spectra of Compton-
thin and Compton-thick sources might be dominated by different components, it is important
to differentiate between them, also because the variability properties of these sources could be
different. Note that the study of Compton-thickness in LINERs was made by Gonzdalez-Martin
et al. (2009a).

This chapter is centered on the systematic study of the variability in a sample of Seyfert 2s
selected at optical wavelengths. It is constituted by a paper that has recently been accepted for

publication in Astronomy & Astrophysics (date: 02/05/2015).
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ABSTRACT

Context. Variability across the electromagnetic spectrum is a ptgpaf active galactic nuclei (AGN) that can help constrédie t
physical properties of these galaxies. Nonetheless, tlyarwahich the changes happen and whether they occur in the saay in
every AGN are still open questions.

Aims. This is the third in a series of papers with the aim of studytimg X-ray variability of diferent families of AGN. The main
purpose of this work is to investigate the variability pet(s) in a sample of optically selected Seyfert 2 galaxies.

Methods. We use the 26 Seyfert 2s in the Véron-Cetty and Véron cataltigdata available fronChandra andor XMM—Newton
public archives at dierent epochs, with timescales ranging from a few hours teosyesl the spectra of the same source were
simultaneously fitted, and we letfférent parameters vary in the model. Whenever possiblet-gron variations from the analysis
of the light curves anr long-term UV flux variations were studied. We divided tlaenple into Compton-thick and Compton-thin
candidates to account for the degree of obscuration. Wiaasitions between Compton-thick and thin were obtainedlifderent
observations of the same source, we classified it as a chgtapi candidate.

Results. Short-term variability at X-rays was studied in ten casasyhriations are not found. From the 25 analyzed sourceshaw
long-term variations. Eight (out of 11) are Compton-thinedout of 12) is Compton-thick, and the two changing-lookdidates are
also variable. The main driver for the X-ray changes is egldb the nuclear power (nine cases), while variations ateswrgies or
related to absorbers at hard X-rays are less common, andriy cages these variations are accompanied by variatiohs imuclear
continuum. At UV frequencies, only NGC 5194 (out of six sagkis variable, but the changes are not related to the raicige
report two changing-look candidates, MARK 273 and NGC 7319.

Conclusions. A constant reflection component located far away from thdeuscplus a variable nuclear continuum are able to
explain most of our results. Within this scenario, the Camphick candidates are dominated by reflection, which segges their
continuum, making them seem fainter, and they do not shoiati@ns (except MARK 3), while the Compton-thin and chamgiook
candidates do.

Key words. Galaxies: active — X-rays: galaxies — Ultraviolet: galaxie

1. Introduction and the sources are known as Compton-thick (Maiolino et al.
. . . . 1998).
Itis widely accepted that active galactic nuclei (AGN) acevp In)fact, X-rays are a suitable tool for studying AGN because
ered by accretion onto a supermassive black hole (SMBH, R are produced very close to the SMBH and because of the
1984). Among them, the fierent classes of Seyfert galaxieg, oy smaller #ect of obscuration at these frequencies than at
(type Jtype 2) have led to postulating a unified model (UMyy\,~gtical, or near-IR. Numerous studies have been made at
for all AGN (Antonucci 1993; Urry & Padovani 1995). Undery . trequencies to characterize the spectra of Seyféatigs
this scheme, the SMBH is fed by the accretion disk that is S%’g Turner et al. 1997: Risaliti 2002: Guainazzi et aD50a:
rounded by a dusty torus. This structure is responsible ber G, as4 et al. 2006; Cappi et al. 2006; Noguchi et al. 2009:
scuring the region where the broad lines are produced (KRSWI| 514554 et al. 2011; Brightman & Nandra 2011a). The present
broad line region, BLR) in type 2 objects, while the regioremh o i< tocused on Seyfert 2 galaxies, which represe80%
the narrow lines are produced (narrow line region, NLR)IS sto¢ o AGN (Maiolino & Rieke 1995). The works mentioned
obzezrvebq attoptl%al fr;aqu%ncnats. Thﬁ?ﬁ&;;between ¥P€ 1ahove have shown that the spectra of these objects are eharac
an | objects 'St e'rti ‘t)rr]e Uul\j E[)honten e}[' ZS'I fications t€1iZed by a primary power-law continuum with a photoelectr

n agreement wi N » the typétdpe 2 classifications cut-of, a thermal component, a reflected component, and an iron
at X-ray frequencies are based on the absorption column d&sision jine at 6.4 keV. It is important to appropiately@aat
Sity, Ny, beqause Itis (elated with the obscuring material aloqgr the physical parameters of their spectra in order to traims
our line of sight (Ma|glln02ejt al. 1998); therefore, we ohsea physical properties of the nuclei.
Se%fertf%HfNKGT\l 10? gm o |.e.2, yfrlﬁbsculred V'deW O.ft the |hr}nﬁr Given that variability across the electromagnetic speatru
parsg € dvi ' anh a yr?eh It the co umg' eps.' yQI;DZIg & a property of all AGN, understanding these variatioffers
L.e., obscured view through the torus (e.g., Risaliti e )- an exceptional opportunity to constrain the physical ctterés-

WhenNy > 1.5 x 10%%cm2, the absorbing column density is;; - L -
higher than the inverse of the Compton-scattering crost Stics of AGN, which are known to show variations on timescales
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Table 1: General properties of the sample galaxies.

Name RA DEC Dist Ngal my Morph. HBLR Ref.
(J2000) (J2000)  (Mpc) (Bdcm?) type
(1) (2) 3) 4) (5) (6) ) (8) 9)
MARK 348 04847.2 315725 63.90 5.79 14.59 S0-a O 1
NGC 424 11127.7 -3851 47.60 1.52 14.12 S0-a [O 1
MARK 573 14357.8 22059 71.30 2.52 14.07 SO-a [ 1
NGC 788 216.5 -64856 56.10 2.11 12.76 SO0-a O 1
ESO417-G06 256215 -32116 65.60 2.06 14.30 SO-a -
MARK 1066 25958.6 364914 51.70 9.77 13.96 SO-a O 2
3C98.0 358545 1026 2 124.90 10.20 15.41 E -
MARK 3 615 36.3 71215 63.20 9.67 13.34 SO [l 1
MARK 1210 8459 5650 53.60 3.45 13.70 - [l 2
NGC 3079 10158.5 554050 19.10 0.89 12.18 SBcd O 2
IC 2560 1016 19.3 -333359 34.80 6.40 13.31 SBh -
NGC 3393 104823.4 -25944  48.70 6.03 13.95 SBa -
NGC 4507 123536.5 -395433 46.00 5.88 13.54 Sab O 1
NGC 4698 1248229 82914 23.40 1.79 12.27 Sab -
NGC5194 1329524 471141 7.85 1.81 13.47 Sbc 0O 2
MARK 268 134111.1 302241 161.50 1.37 14.66 S0-a -
MARK 273 1344421 555313 156.70 0.89 14.91 Sab -
Circinus 14139.8 -652017 4.21 74.40 12.1 Sbh O 1
NGC 5643 143240.7 -441028 16.90 7.86 13.60 Sc O 2
MARK 477 144038.1 533015 156.70 1.05 15.03 E? O 2
IC4518A 145741.2 -43756 65.20 8.21 15. Sc -
ESO138-G01 165120.5 -591411 36.00 13.10 13.63 E-SO -
NGC 6300 171659.2 -62495 14.43 7.76 13.08 SBb -
NGC 7172 22219 -31528 33.90 1.48 13.61 Sa O 2
NGC 7212 2272.0 10140 111.80 5.12 14.8 Sb O 1
NGC 7319 223635 335833 77.25 6.15 13.53 Shc -

(Col. 1) Name, (Col. 2) right ascension, (Col. 3) declinafi¢Col. 4) distance, (Col. 5) galactic absorption, (Colaparent magni-
tude in the Johnson filter V from Véron-Cetty & Véron (201@o(. 7) galaxy morphological type from Hyperleda, (Col. &den
broad polarized lines detected, and (Col. 9) its refs.: @jovi-Cetty & Véron (2010); and (2) Gu & Huang (2002).

1Al distances are taken from the NED and correspond to theageeredshift-independent distance estimates.

ranging from a few days to years (Peterson 1997). The first sigs common for all the nuclei or, more important, what drives
tematic variability study of Seyfert 2 galaxies was perfethiby those variations. It is the purpose of this paper to systieaibt
Turner et al. (1997) usindSCA data. Their results show thatstudy the variability pattern at X-rays in Seyfert 2 nucliiis is
short-term variability (from hours to days) is not common ithe third in a series of papers aimed at studying the X-rai var
Seyfert 2s, in contrast to what is observed in Seyfert 1 (e.gbility in different families of AGN. In Herndndez-Garcia et al.
Nandra et al. 1997). Because these galaxies are obscuréad by2013, 2014), this study was made for LINERs, while the study
torus, the lack of variations could come from these sourees lof Seyfert 1 and the comparison betweeffatent families of

ing reflection-dominated, as shown by some authors thaiestudAGN will be presented in forthcoming papers.

Compton-thick sources (Awaki et al. 1991; LaMassa et al1201  This paper is organized as follows. In Sec. 2 the sample and
Matt et al. 2013; Arévalo et al. 2014). However, a number ¢iie data are presented, and data reduction is explainectin Se
Seyfert 2s actually do show variations. The study of thealdki 3. The methodology used for the analysis is described in. Sect
ity has been approached infidirent ways from the analysis of4, including individual and simultaneous spectral fittingem-

the light curves to study of short-term variations (Awakiagt parisons using data with fierent instruments, long-term X-ray
2006), through count-rate or flux variations (Isobe et aD®20 and UV variations, short-term X-ray variations, and Conmpto
Trippe et al. 2011), or comparisons of spectra of the sameesouthickness analysis. The results derived from this work are e
at different epochs (LaMassa et al. 2011; Marinucci et al. 20J#ained in Sect. 5 and are discussed in Sect. 6. Finally, gia m
Marchese et al. 2014). The observed variations may be delatenclusions are summarized in Sect. 7.

with absorbing material that crosses our line of sight (Risa

et al. 2002, 2010) aridr can be intrinsic to the sources (Evans

et al. 2005; Sobolewska & Papadakis 2009; Braito et al. 2013) Sample and data

A few Seyfert 2s also showed changes from being reflectiof ysed the 13th edition of the Véron-Cetty and Véron cata-
dominated to transmission-dominated objects, so weredallogye (véron-Cetty & Véron 2010), which contains quasark an
changing-look objects (Guainazzi et al. 2002; Guainazd20 gcijve galactic nuclei. We selected galaxies located athiéd
Matt et al. 2003; Risaliti et al. 2010). below 0.05 and classified as Seyfert 2 (S2) or objects withdbro
Alth_ough it is well established that a numbe.r of Seyfe.rt. larized Balmer lines detected (S1h). Indeed, S1h obgets
are variable, it is unknown whether the same kind of vamatiqnose optically classified as Seyfert 2 that show broad lines
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polarized light, which is the reason for their selectionisldub- sources or backgroundfects. The radii are in the range be-
sample includes 730 S2 and 27 S1h. tween 2-3 (or 4-10 pixels, see Table A.1). The background was
We searched for all the publicly available data for sourcestracted from circular regions in the same chip that are éfe
with observations in more than one epoch withandra angor  sources and close to the object.
XMM-Newton using the HEASARTbrowser up to May 2014. For the source and background spectral extractions, the
This first selection includes 73 nuclei. To be able to propemmextract task was used. The response matrix file (RMF) and
fit and compare spectra atfiirent epochs, we selected sourceancillary reference file (ARF) were generated for each smurc
with a minimum of 400 number counts in the 0.5-10.0 keV emegion using theikacisrmr andmkwarr tasks, respectively. Fi-
ergy band, as required to use ffrestatistics. Thirty-four galax- nally, the spectra were binned to have a minimum of 20 counts
ies and nine observations did not met this criterium and wegper spectral bin using th&ppua task (included irrroots), to be
excluded from the sample. Object$exted by a pileup fraction able to use thg? statistics.
higher than 10% were also removed, which made us exclude
three objects and 14 observations.
For the remaining 36 nuclei we searched for their opt?'—'z' XMM-Newton data

cal classifications in the literature with the aim of inclogli XMM-Newton observations were obtained with the EPIC pn
only pure Seyfert 2 objects in the sample. Nine galaxies wetgmera (Striider et al. 2001). The data were reduced in aisyste
excluded following this condition: NGC 4258, and NGC 4374tic, uniform way using the Science Analysis Software (SAS
(S1.9andL2inHoetal. 1997),3C317.0 and 3C 353.0 (LINERgrsion 11.0.0. First, good-timing periods were selecsidgia
in NED®), NGC 7314 (S1.9 in Liu & Bregman 2005), MCG-method that maximizes the signal-to-noise ratio of the oetee
03.34.064 (S1.8 in Aguero et al. 1994), NGC 5252 (S1.9 in Ospectrum by applying a flierent constant count rate threshold
terbrock & Martel 1993), and NGC 835 and NGC 6251 (LINERgn the single events, £ 10 keV field-of-view background light
in Gonzalez-Martin et al. 2009b). NGC 4472 was also excludegrve. We extracted the spectra of the nuclei from circlekSef
because its classification is based on the upper limits efitin  30” (or 300-600 px) radius centered on the positions given by
tensity ratios (Ho et al. 1997), and other classificationefeeen NED, while the backgrounds were extracted from circular re-
found in the literature (e.g., Boisson et al. 2004). gions using an algorithm that automatically selects thé des

The final sample of Seyfert 2 galaxies contains 26 objectsand closest to the source - that is free of sources. This-sele
18 classified as S2 and 8 classified as S1h in Véron-Cettyti&n was manually checked to ensure the best selection éor th
Veron (2010). However, we revisited the literature to sedoc  backgrounds.
hidden broad-line-region (HBLR, an usual name for S1h) and The source and background regions were extracted with the
non-hidden broad-line-region (NHBLR) objects (e.g., Teaal. gvseiect task. The response matrix files (RMF) and the ancillary
1992; Tran 1995; Moran et al. 2000; Lumsden et al. 2001; Gesponse files (ARF) were generated usingsthssen and ar-
& Huang 2002). We found two additional HBLR (MARK 1210kcex tasks, respectively. To be able to use iestatistics, the
and MARK477) and five NHBLR (MARK 1066, NGC 3079,spectra were binned to obtain at least 20 counts per spéatral
NGC 5194, NGC 5643, and NGC 7172) sources. We did not fipding thesrppra task.
information about the remaining 11 nuclei, so we assumeyl the
are most probably not observed in polarized light. .

The final sample of Seyfert 2s in our work thus contains 283- Light curves

objects (including 10 HBLR and five NHBLR). The target galax:jgnt curves in three energy bands (0.5-2.0 keV, 2.0-10\) ke
ies and their properties are presented in Table 1. Table®argng 0.5-10 keV) for the source and background regions as de-
Appendix A, and notes on the individual nuclei in Appendix Bined above were extracted using thexTract task (forXMM-
and images at dierent wavelenths in Appendix C.1. Newton) anckvseLect task (forChandra) with a 1000 s bin. To
be able to compare the variability amplitudes iffefient light
curves of the same object, only those observations with exaet
posure time longer than 30 ksec were taken into account. For
3.1. Chandra data longer observations, the light curves were divided intarsegts
of 40 ksec, so in some cases more than one segment of the same
nbht curve can be extracted. Intervals with “flare”-likeeeis
andor prominent decreasiyigcreasing trends were manually
rejected from the source light curves. We notice that after e
cluding these events, the exposure time of the light curutdco

. 5 o be shorter, thus we recall that only observations with a ret e
ground flares were cleaned using the tagk cLean.s”, Which - oo re time longer than 30 ksec were used for the analysés. Th
calculates a mean rate from which it deduces a minimum ag

X lid q file with th . h| t curves are shown in Appendix D. We recall that these val
maximum valid count rate and creates a file with the periods thas are ysed only for visual inspection of the data and nag-as e
are considered by the algorithm to be good.

. . timators of the variability (as in Herndndez-Garcia et il 4).
Nuclear spectra were extracted from a circular region cen-

tered on the positions given by NEDWe chose circular radii,
aiming to include all possible photons, while excludingesth 4. Methodology

3. Datareduction

Chandra observations were obtained from the ACIS instrume
(Garmire et al. 2003). Data reduction and analysis wereezhrr
outin a systematic, uniform way using CXC Chandra Intevacti
Analysis of Observations (CIA), version 4.3. Level 2 event
data were extracted by using the tagks-process-events. Back-

2 httpy/heasarc.gsfc.nasa.gov The methodology is explained in Hernandez-Garcia et aL.320

3 httpy/ned.ipac.caltech.edu and Hernandez-Garcia et al. (2014). In contrast to the sbfidy
4 httpy/cxc.harvard.edigiao4.4 LINER nuclei, we added a new model (namely 2ME2PL), and a
> httpy/cxc.harvard.ediagahelpic_clean. html cold reflection component for the individual spectral figsrand

6 httpy/ned.ipac.caltech.egu

" httpy/xmm.esa.insag
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an analysis of the Compton-thickness for the Seyfert gefaxi
Additionally, we changed the way we estimate the nuclear con
tribution in XMM—Newton spectra to perform the simultaneous

fit using diferent instruments (see Sect. 4.2). A comparison with

a sample of LINERs will be performed in a forthcoming paper.

plus Gaussian lines when required (see below). The power
law at soft energies represents the scattering componént. A
though this is probably a simple model for fitting the com-
plexity of the spectra, the data analyzed in this work do not
have enough spectral resolution to properly fit the data with

For clarity, we recall the procedure below. more realistic models, and therefore this model is enough fo
our purposes. It is represented as

eNoa7(®) (N (BA+2) [N, 1] Norme T[T, Normy]  +
MEKAL[KT;] + MEKAL[KT,] + eNweoEa+)[N,]

An individual spectral analysis allowed us to select thet-fies NOfmz(?_r[T, Normp]). , )
model for each data set. We added a new model with respett(Best-fit model PEXRAV: From the six models described
to previous works (2ME2PL), including an additional thefma above, we selected the one that provided the best fit to the
component to the more complex model, ME2PL, to explain the data and added a reflection component (we have chosen
two ionized zones observed in some Seyfert galaxies (eeg-, N PEXRAV within XSPEC) to account for a plausible contri-
zer & Turner 1997; Bianchi et al. 2010). Then, we also added a bution of this component in highly obscured Seyfert 2s. The
cold reflection component (PEXRAV in XSPEC, Magdziarz & Parameters of the MEKAL component(s) were frozen to the
Zdziarski 1995) to the best-fit model to check whether thisco best-fit values. In this model the absorbed power law at hard

ponent improves the fit. We used XSPE®@rsion 12.7.0to fit ~ €Nergies represents the transmitted component, while the
the data with six dferent models: PEXRAV is indicative of the reflected fraction from the pri-

mary continuum alone, by setting the reflection scalingdfiact

to 1. The spectral index was set to be that of the power law(s),
the exponential cutd was fixed to 200 keV, and the incli-
nation angle to 45 These parameters are based on typical
values obtained from X-ray analyses at harder energies (e.g
Guainazzi et al. 2005b; Matt et al. 2004; Akylas & Georgan-
topoulos 2009; Noguchi et al. 2009). The free parameters

4.1. Individual spectral analysis

e PL: Asingle power law representing the continuum of a non-
stellar source. The empirical model is
gea(B) . i EA+A) [Ny ] - Norme™ [T, Norm].

e ME: The emission is dominated by hotfiise gas, i.e., a
thermal plasma. A MEKAL (in XSPEC) model is used to fit

the spectrum. The model is in this model are thereforldy1, N2, I, N N d
o(E o(E(1 - . H1, NH2, > Orm17 Orm21 an
Noao(®) . NuoEL+2) [N, ] - MEK AL[KT, Norm. Normpex. It is worth noting that we tried similar models to

e 2PL: In this model the primary continuum is an absorbed fit the data, such as exchanging the hard PL by PEXRAV or
power law representing the non stellar source, while the sof by an absorbed PEXRAV, and obtained very similar results,
energies are due to a scattering component that is repre-but the model explained above allowed the use of the F test

sented by another power law. Mathematically the model is to check for eventual improvements in the fits.

explained as In the e ; ; ) ; ) i
oAE H(E(142 r quations above;(E) is the photo-electric cross-section,
S;zj"((E()l(s)\;TN( (] «)I)\I[oNrHﬂe‘r[F Nhé?rn}lf [[;Normi]  + 7 is the redshift, antNorm are the normalizations of the power
H2 My ’ MeJ)- law, the thermal component or the reflected component (i.e.,
e MEPL: The primary continuum is represented by an alNormy, Normp, andNormyey). For each model, the parameters
sorbed power law, but at soft energies a thermal plasma ddifmt vary are written in brackets. The Galactic absopiMyy,, is
inates the spectrum. Empirically it can be described as  included in each model and fixed to the predicted value (Col. 5
oa o (B) (N (BL+2) [Ny MEKAL[KT,Normy] + in Table 1) using the tookn within rrooLs (Dickey & Lock-
N2 E1+2) [Ny,] - Normpe ™[I, Normy]). man 1990; Kalberla et al. 2005). Even if not included in the
. ... mathematical form above, all the models include three marro
e ME2PL: This is same model as MEPL, but an additiongl ) ian jines to take the iron lines at 6.4 keV (Fpt6.7 keV
power law is required to explain the scattered component@l,y v\ and 6.95 keV (FeXXVI) into account. In a few cases,
Sﬁ(g f(g)ergNﬁg(,E%ch)rzr)w)"naNthematlcalII3\/I Itis TN additional Gaussian lines were required at soft energas &
(K/IEKAIEekT é\le(E(E'(ﬁ]z)) N ﬁrmle it . Igrml] * visual inspection, including Ne X at 1.2 keV, Mg Xl at 1.36 keV
[kT] + [Nkl - Normpe ™[I, Normel). - 'y ¢ 1.85 keV, and S XIV at 2.4 keV.
e 2ME2PL: The hard X-ray energies are represented by an The y?/d.o.f and F test were used to select the simplest
absorbed power law, while the spectrum shows a compleodel that represents the data best.
structure at soft energies, where a composite of two thermal
plasmas plus a power law are required. In Seyfert galaxie . )
at least two ionized phases (a warm and a hot) are requir%sé' Simultaneous spectral analysis
to properly fit their spectra (Netzer & Turner 1997), which i®nce the individual best-fit model is selected for each ofaser
confirmed by high resolution data (e.g., Bianchi et al. 201fion, and if the models are filerent for the individual observa-
Marinucci et al. 2011). Ideally, the spectral fit should bgons, then the most complex model that fits each object was ch
made by using photoionization models to fit high quality daken. This model was used to simultaneously fit spectra dadatain
(e.g., RGS) and then use the obtained spectral parametersttgiferent dates of the same nuclei. Initially, the values of the
fit lower quality data, as in Bianchi et al. (2010) or Gonzalezpectral parameters were set to those obtained for therspect
Martin et al. (2010). We tried to use photoionized models ugith the largest number counts for each galaxy. To determine
ing Cloudy to fit the soft emission. We found that, due to thehether spectral variations are observed in the data, ithisls
low resolution of our data, these models fit the data sinyilartaneous fit was made in three steps:

to MEKAL models. Therefore, for simplicity, in this work

we represent the photoionized gas by two thermal plasm3s SMFO (Simultaneous fit 0): The same model was used with
all parameters linked to the same value to fit every spectra of

the same object, i.e., the non-variable case.

8 httpy/heasarc.nasa.gbanadyxspeg
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1. SMF1: Using SMFO as the baseline for this step, we let thed. Short-term variability
parameters\y1, Ny, I', Normy, Normy, Normpey, kT4, and

KT, vary individually. The best fit was selected for tJﬂ% Firstly, we assumed a constant count rate for segments of 30-

closest to unity that improved SMFO (using the F test). 40 ksec of the observation in each energy band and calculated

5 o .
S . . /d.o.f as a proxy to the variations. We considered the source
2. SMF2: Using SMF1 as the baseline for this step (Wh%% a candidate for variability if the count ratefdred from the

SMF1 did not fit the data well), we let two parameters vary,, o
A . erage by more tharw3(or 99.7% probability).
the one that varied in SMF1 along with any of the other pa- Secondly, and to be able to compare the variability ampli-

. > .
;ﬁrrr?i[r?ri?n()frf)r:/zmémﬁ tﬁgc:‘i{: test were again used to COMude of the light curves between observations, we caladidute
P ' normalized excess variancze,z\lxs, for each light curve segment

ith 30-40 ksec following prescriptions in Vaughan et aD@3)

see also Gonzalez-Martin et al. 2011b; Herndndez-Gareia e
£014). We recall that?, < is related to the area below the power
Spectral density (PSD) shape.
When o, was negative or compatible with zero within
errors, we estimated the 90% upper limits using Table 1 in
Vaughan et al. (2003). We assumed a PSD slope of -1, the up-
per limit from Vaughan et al. (2003), and we added the value of
1.282errg?, o) to the limit to account for Poisson noise. For a
pumber of segments, N, obtained from an individual lighteur

When data from the same instrument were available at
ferent epochs, this method was applied separatel{Chandra
andor XMM-Newton. However, in some cases only one obs
vation was available per instrument. Instead of directimpar-
ing the spectra from ffierent instruments, we tried to decontamt—h
inate the extranuclear emissionXMM—Newton data, to make - ¢
sure that the emission included in the larger aperture digmm
duce the observed variability. This additional analysis ar-
formed by extracting an annular region frad@handra data, fit-
:ir:lg the rt'?]otslebls ?ﬁlaitr;]ed abO\I/e to its spgrﬁ_rum, zn? se[:ei:t upper limit for the normalized excess variance was cated|

e one that best fits the annular region. This model was . X
incorporated into thkMM—Newton spectrum (with its parame- Ef[n N segments v.vetreé)bt'?kl‘nsd_ for the ste)tlme light ?ur\& adnd at
ters frozen), so the parameters of the nuclear emission earlg3:St ON€ was consistent with being variable, we calcutdted
estimated. We determined the contribution by the annular Iréormallzed weighted mean and its error as the weighted vari-

gion to theChandra data from the number counts (i.e., mode@NCce: . . .
independent) in the 0.5-10.0 keV energy band, and this perce We considered _short-term variations fm'iXS detections
age was used to estimate the number counts in the nucleanre ove & of the confidence level.

of XMM—-Newton data. Following the same criteria as we used

to select the data (see Sect. 2), data froffedent instruments 4.5. Compton thickness

were compared when the number counts in the nuclédivi- .
Newton spectrum was more than 400 counts. We note that tRighly obscured AGN are observed through the dusty torus, in

procedure dfers from the one used in Hernandez-Garcia et §0Me cases with column densities higher thax 107‘cm (the
(2013, 2014). When multiple observations of the same obj&&-called Compton-thick). In these cases the primary éamiss

and instrument were available, we compared the data with /) be reflected at energiesl0 keV. Since the primary contin-
closest dates (marked within Table A.1). uum cannot be directly observed, some indicators usingyx-ra

and [O Ill] data have been used to select candidates (Ginisell

et al. 1994; Bassani et al. 1999; Panessa & Bassani 2002j Capp
4.3. Flux variability et al. 2006).
To properly account for the slope of the power ldw,and
equivalent width of the iron line, EW(Fel an additional
analysis was performed. We fit the 3-10 keV energy band of each
(ﬁfectrum individually with a PL model (see Sect. 4.1) to obta

e values of” and EW(Feky). Compton-thick candidates can

be selected by using threefidirent criteria:

The luminosities in the soft and hard X-ray energy bands Wﬁf‘ee
computed using XSPEC for both the individual and the simul-
taneous fits. For their calculation, we took the distancemfr
NED, corresponding to the average redshift-independesit
tance estimate for each object, when available, or to th&hittd
estimated distance otherwise; distances are listed ireTabl
When data from the optical monitor (OM) onbo2X¥iIM— e I < 1: since the transmitted component is suppressed below
Newton were available, UV luminosities (simultaneouslyXto 10 keV, a flattening of the observed spectrum is expected
ray data) were estimated in the available filters. We retall t  (Cappi et al. 2006; Gonzéalez-Martin et al. 2009a).
UVW2 is centered at 1894A (1805-2454) A, UVM2 at 2205A ® EW(Feka) > 500 eV: if the nuclear emission is obscured by
(1970-2675) A, and UVW1 at 2675A (2410-3565) A. We used a Compton-thick column density, the primary continuum un-
the OM observation FITS source lists (OBSMLtp obtain the ~ derneath the Feiline is strongly suppressed, and the equiv-
photometry. When OM data were not available, we searched for alent width of the line enhanced tkeV (Krolik et al. 1994;
UV information in the literature. We note that in this cadee t  Ghisellini et al. 1994). , , _ ,
X-ray and UV data might not be simultaneous (see Appendi® F(2—10keV)/Fion <1 : since the primary continuum is
B). suppressed, the X-ray luminosity is underestimated, smwhe
We assumed an object to be variable when the square rootcomparing with an isotropic indicator of the AGN power (as
of the squared errors was at least three times smaller tigan th is the case for the [O Ill] emission line), the ratio betwelea t
difference between the luminosities (see Hernandez-Gardia et a two values decreases (Bassani et al. 1999; Guainazzi et al.

2014, for details). 2005b; Cappi et al. 2006; Gonzalez-Martin et al. 2009a).
5 - Thus, we have used this ratio to select Compton-thick can-
ftp://xmm2.esac.esa.jpubodf/datadocgXMM-SOC-GEN-ICD- didates, where the extinction-corrected [O IlI] fluxes were
0024.pdf obtained from the literature (and corrected when needed fol

lowing Bassani et al. 1999), and the hard X-ray luminosities
L(2 — 10keV), from the individual fits were used (see Table
A.3) for the calculation.
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We considered that a source is a Compton-thick candidate 69% (68%) in the soft (hard) energy band. We classify it as
when at least two of the three criteria above were met. Other- a Compton-thin candidate.

wise, the source is considered to be a Compton-thin caredidat i
— NGC 424 Two XMM—Newton data sets are available. SMFO

When diferent observations of the same source resultffiedint
classifications, the object was considered to be a charigiig-
candidate.

results iny?=2.20, and SMF1 does not improve the fit; this is
most probably because the spectra from 2008 shows a more

The spectral fits reported in Sects. 4.1 and 4.2 are performedcomplex structure compared to 2000, preventing a proper si-

with the spectral indices of the sofigyi, and the hardlhard,

multaneous spectral fitting. Thus, we do not perform the si-

power laws tied to the same value. When a source is Compton- multaneous spectral fit between the tikiiIM—Newton data

thick, its spectrum is characterized by a flat power law atdhar

sets. The contribution from the annular region is negligi-

energies (see above), whereas the slope of the power lawnis do  ble, thus the spectral analysis can be jointly performed us-

inated by the scattered component if we tl&gs; = Tharg, giv-
ing an unrealistic steep power-law index. Thus, the simeltais
analysis was repeated by leavifig; andI'aq free for the ob-

jects classified as Compton-thick candidates. We first miagle t

SMF1 withTharg Vary and found that this component does not MARK 573 The Chandra data do not show variations

vary in any case. The values Bf;4 obtained for the Compton-
thick candidates following this procedure are reportedablé

A.7 (Col. 9). We checked that the rest of the parameters in the

model are consistent with those reported in Table A.2 withen
uncertainties. The same procedure was applied to Compton-t
candidates, and compatible valued'gf;; andl'hoq Were found.

It is worth pointing out that it is not within the scope of thisrk

to obtain the best spectral parameters for each sourceg bbtt
tain their variability patterns. Thus, we have kept the sgem
eral analysis for all the objects (i.e., Wiklyst = Thard, although
we naotice that this is not the case for Compton-thick cartdgja

but this procedure does noffect the main results presented in

this paper.

5. Results

In this section we present the results for the variabilitglgsis
of the Seyfert 2 galaxies individually (see Sect. 5.1), al as
the general results, including the characterization ofsghectra
of Seyfert 2s (Sect. 5.2), the long-term variability (S&cB), first

ing XMM—Newton andChandra data together. SMFO is the
best representation of the data. Short-term variation®s fro
the XMM—Newton light curve are not found. We classify it
as a Compton-thick candidate.

(SMFO0 was used) within a four-year period. When compared
with XMM—-Newton data, the annular region contributes with
24% to theChandra data. Again, SMFO results in the best
representation of the data. Three additional Gaussias line
are needed to fit the data at 1.20 keV (Ne X), 1.36 keV (Mg
XI), and 2.4 keV (S XIV). TwoChandra light curves are an-
alyzed, and variations are not detected. We classify it as a
Compton-thick candidate.

— NGC 788 One observation per instrument is available. The

emission from the annular region is negligible so we jointly
fit Chandra and XMM—Newton data. SMFO was used, thus
no variations are found in a two years period. We classify it
as a Compton-thin candidate.

ESO417-GO6SMF1 with Ny2 (21%) because the param-
eter varying represents the data best. These variatiores wer
obtained within about a one-month period, corresponding to
no flux intrinsic variations. We classify it as a Comptomathi
candidate.

for the whole sample in general and later divided into subsam ! . . . .
ples, X-ray short-term variations (Sect. 5.4), and fluxatons MARK 1066: Only one observation per instrument is avail-

i i 1 0
at UV frequencies (Sect. 5.5). The main results of the arslys gg{: ;Eg;?\ﬁﬂg;gggﬂ @%ﬂglﬁu;ﬁng;’r']thagn/" G:?anrﬂrea;er to
are summarized in Table 2. Individual notes on each galagy an ) ganyp

comparisons with previous works can be found in Appendix B, Y& (i-€., SMFO) resuits in a good fit of the data. We classify
it as a Compton-thick candidate.

— 3C98.0 This is the only object where the unab-
sorbed PEXRAV component improves the fit. The
values of the spectral parameters in this fit are

5.1. Individual objects

For details on the data and results, we refer the reader folthe

lowing tables and figures: the observations used in the aisaly Norm;, = 70,22%523% x 10*Photons keV~tcm?s,
(Table A.1); UV luminosities with simultaneous OM data (Col  ,,, = 9.681131 % 10%2cm2, T = 1.301%4,

9 of Table A.1 and Fig. 1); individual and simultaneous bést fi _ 15 4 12l s
and the parameters varying in the model (Table A.2 and Fig. Nor?%x N 0'108-}37::10 thot(_)?s k_ezv_lcm s, Norm, =
2): X-ray flux variations (Table A.3 and Fig. 3); comparisdn o >-°13ss x 10Photons 8§V C”l S (XMMl—Nevzvtoln
ChandraandXMM—Newton data using the annular region (Table ©0bsID. 0064600101), 835 x 10~*Photons keV~'cm?s~

A.4); the simultaneous fit between these observations € ald
and Figs. A.1 and A.2); short-term variability from the arsis
of the light curves (Table A.6 and Appendix D); and tbemp-

(XMM-Newton obsID. "0064600301), angt/d.o.f =
10930/126. Thus, the best representation of the data
requiresNorm, to vary between the twaXMM—Newton

ton-thickness analysis, where an object was classified on the ba data sets, while the reflection component remains constant.
sis that at least two of the three criteria presented in Séct 4 This spectral fit withNorm, varying agrees with the one
were met (Table A.7). We notice that the addition of a cold re- using the MEPL model (Table A.2). The percentages of

flection componentis not statistically required by the dstawve

the variations are compatible between the two SMF1 and

do not mention the analysis except in one case (3C 98.0) wherealso the luminosities. For simplicity, we report the result

the simultaneous fit was performed.

— MARK 348: SMF1 with variations inNorm, (69%) repre-

of the MEPL model in the following. The simultaneous fit
of the XMM—Newton data needs SMF1 witlhorm, (43%)
varing over a period of about half a year. This implies an

sents the data best. These variations were found within a intrinsic flux variation of 5% (42%) at soft (hard) energies.

nine-year period, which implies intrinsic flux variationg o
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Table 2: Results of the variability analysis.

Name Type l00sft) 109 (Lhard) 109 (MgH) 109 (Redd) Variability AT max
(0.5-2keV) (2-10 keV) SMFO SMF1 SMF2  (Years)
1) (2) 3) 4 (5) (6) (7) (8) €) (10)
MARK 348 (X) HBLR 42.76 43.15 7.58 -1.02 ME2PL Norm, - 10
69"5% 68 3% 6917%
NGC 424 (C,X)* HBLR 41.74 41.85 7.78 -2.53 2ME2PL - - 0.16
0% 0%
MARK 573 (C)* HBLR 41.65 41.54 7.37 -2.42 2ME2PL - - 4
0% 0% (3gauss)
(X,C) 41.73 41.41 2ME2PL - - 2
0% 0%
NGC 788 (X,C) HBLR 42.11 42.60 7.43 -1.43 2ME2PL - - 0.33
0% 0%
ESO417-G06 (X) - 42.46 42.50 7.44 -1.53 MEPL NH2 - 0.08
0% 0% 21732%
MARK 1066 (X,C)* NHBLR 41.40 41.43 7.23 -2.38 ME2PL - - 2
0% 0%
3C98.0 (X) - 43.13 42.80 7.75 -1.73 MEPL Normp - 0.41
5f4% 42°7% 4331%
(X,C) 42.40 42.60 MEPL - - 5
0% 0%
MARK 3 (X)* HBLR 42.24 42.74 8.74 -2.58 2ME2PL Normy - 1
29°7% 324% 371%%
MARK 1210 (C) HBLR 42.31 42.79 7.70 -1.50 2ME2PL Norm, N2 4
75% 1% 11+3%% 203%
IC 2560 (X,C)* - 40.57 41.03 6.46 -2.02 2ME2PL - - 0.16
0% 0% (+1gauss)
NGC 3393 (C)* - 41.64 41.29 8.10 -3.41 2ME2PL - - 7
0% 0%
(X,C) 41.44 41.26 2ME2PL - - 0.66
0% 0%
NGC 4507 (X) HBLR 42.04 42.67 8.26 -2.28 2ME2PL Norm, N2 9
96'4% 8110% (+2gauss)  5L%%  4'1%%
(X,C) 41.96 42.85 Norm, - 0.41
45:3% 383% 53+3%%
NGC 4698 (X) - 40.14 40.08 7.53 -4.04 2PL - - 9
0% 0%
NGC5194 (C)* NHBLR 39.53 39.51 6.73 -3.82 ME2PL - - 11
0% 0%
(X,C) 39.94 39.39 2ME2PL - - 0.6
0% 0%
MARK 268 (X) - 41.34 42.92 7.95 -1.62 ME2PL - - 0.01
0% 0%
MARK 273 (X,C)°Y? - 41.34 42.29 7.74 -2.05 2ME2PL  Ng2 - 2
2472% 32°6% 511%%
Circinus (C)* HBLR 39.80 40.60 7.71 -3.71 2ME2PL - - 9
0% 0% (+4gauss)
NGC 5643 (X)* NHBLR 40.44 40.87 6.30 -2.02 2ME2PL - - 6
0% 0%
MARK 477 (X)* HBLR 42.60 43.11 7.20 -0.68 2ME2PL - - 0.01
0% 0%
IC 4518A (X) - 42.06 42.45 7.48 -1.63 2ME2PL Normy - 0.02
40" 2% 41°6% 42°35%
ESO 138-G01 (X)* - 42.23 42.11 5.50 0.01 ME2PL - - 6
0% 0%
NGC 6300 (C) - 41.32 41.95 7.18 -2.68 2PL - - 0.01
0% 0%
(X,C) 41.06 41.68 2PL Norm, Normy 8
98t50% 9816% 981206 93220
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Fig. 1. UV luminosities obtained from the data with the OM @monboarkMM—Newton, when available. Berent filters have
been used; UVW1 (red triangles), UVW?2 (green circles), a2 (blue squares).

Table 2: Cont.
Name Type loglsft) 109 (Lhara) 109 (Men) log (Reda) Variability AT max
(0.5-2keV) (2-10keV) SMFO SMF1 SMF2 (Years)

(2) (2 (3) (4) () (6) (7) (8) 9) (10)

NGC 7172 (X) NHBLR 42.50 42.82 8.20 -1.98 ME2PL Norm, - 5
5172% 5171% Slﬁg%

NGC 7212 (X,C)* HBLR 41.81 42.60 7.54 -1.55 2ME2PL - - 1

0% 0%

NGC 7319 (C§“? - 42.99 42.98 7.43 -1.26 ME2PL Norm, NH1 7

38'8% 385% 3932% 1003;%
(X,C) 42.58 42.84 ME2PL  Norm, - 6

718% 69 7% 72j§g%

Notes.(Col. 1) Name (the asterisks represent Compton—thick angihg look candidates), and the instrument @handra angor

X: XMM-Newton) in parenthesis; (Col. 2) (non) hidden broad lingiae objects only in the cases where there are available
observations; (Cols. 3 and 4) logarithm of the soft (0.5-¥)kand hard (2—-10 keV) X-ray luminosities, where the mean was
calculated for variable objects, and percentages in fluiatians; (Col. 5) black-hole mass on logarithmical scatgedmined using
the correlation between stellar velocity dispersion (fidgperLeda) and black-hole mass (Tremaine et al. 2002), @irndd from

the literature otherwise (MARK 1210 and NGC 4507 from Nicagsdt al. (2003); IC 4518A from Alonso-Herrero et al. (2013);
NGC 6300 and NGC 5643 from Davis et al. (2014); IC 2560 fromoRaVit et al. (2014); MARK 268 from Khorunzhev et al.
(2012); and MARK 477 from Singh et al. (2011)); (Col. 6) Edglion ratio,Lyq/!Leqq, Calculated from Eracleous et al. (2010)
usingLpa = 33Lo_1kev; (Col. 7) best fit for SMFO; (Col. 8) parameter varying in SMkith the percentage of variation; (Col. 9)
parameter varying in SMF2, with the percentage of variati@ol. 10) and the sampling timescale, corresponding talifierence

between the first and the last observation. The percentagesspond to thiAT .

data, and SMFO was used when compar@igndra and correspondsto flux variations of 29% (32%) in the soft (hard)
XMM-Newton data, i.e., variations were not found within energy band in a one-year period. We classify it as a Comp-
a five-year period. Short-term variations are not detected ton-thick candidate.

from the Chandra data. UV data from the UVW!1 filter did

not show any variability. We classify it as a Compton-thin— MARK 1210: X-rays observations witChandra covering a

candidate. period of about four years are simultaneously fitted, resylt
in SMF2 with N2 (20%) andNorm, (43%) as the parame-
— MARK 3: The XMM—-Newton data need SMF1 witkorm, ters varying in this model. This corresponds to intrinsix flu

(837%) as the parameter responsible for the variations. This
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Fig. 2: Cont.

variations of 40% (41%) at soft (hard) energies. We classify within two months, i.e., SMFO was used for the simultane-
the object as a Compton-thin candidate. ous fit. An additional Gaussian line was needed in the fit at

. . . . 1.85 keV (Si XII). A XMM—-Newton and &Chandra light

annular region contributes with 79% @handra data. The curve showed a positive value of,, . at 2.5 of confidence
estimated number counts in the nuclear component of the evel, close to our limit (see Sect. 4.4). We classify it as a
XMM-Newton spectrum is 235 counts, so we do not perform  compton-thick candidate.
a simultaneous fitting. This object will not be used to discus
long-term variations. We classify it as a Compton-thin can— NGC 3393 Chandra data are fitted with SMFO, resulting
didate. We refer the reader to Appendix B for the discussion in no variations in a seven years period. When comparing
of this source. with XMM—Newton data, the annular region contributes with

. . ) ) 17%, and SMFOQ is needed to fit the data within a one-year pe-

— 1C256Q Only one observation per instrument is available. rjoq. Short-term variations are not found from dBieandra

When comparing the data, the annular region contributes jignht curve. We classify it as a Compton-thick candidate.
with 11% to theChandra data. No variations were observed

Page 10 of 78



131 Hernandez-Garcia et al.: X-ray variability of Seyfert 2s

08 MARK348 - Intrinsic Luminosities ESO417-G06 - Intrinsic Luminosities o 3C98.0 - Intrinsic Luminosities
. v 0520keV . )
> ~~— —_ 02
) —~ 0 f —
@ % T 2 @ ) —
= T <3 2
L 3O v T~ C : VN
3 — e 3o % 00
9 5% ke S 27 ~—
A —~—_ ) T
T 0> 9} —
28 —, o —y
T T R T ST o 130403 00 o2 o2 03 0>
Q,\mM \’L\“M A joM ZMQ’A\ QE)\QM ngM Time (y) Q\mﬁ\ 0\.\0\ Q'\r\l‘ Q,\m’)_l Q\‘OM
Time (y) Time (y)
) MARKS - Intrinsic Luminosities 00 MARK1210 - Intrinsic Luminosities ) NGC4507 - Intrinsic Luminosities
0 \ 29
- a0 le—
01 - %* — 0o A —
2 b 2 L L nhi [ —
B o5 v 0520keV 2w v 0520keV 5 ~_ e
= AL ® 20-10.0 keV = 0o ® 20-10.0 keV = \\
R g\ g vl ~__
2 €0 1 = —
. \7”47% 03 \ a5 ~_
@ 20-10.0 keV
2 o ) 2 ple 5 o ] ) no G G ® o
28040 NOEN oo A2 og03® o™ od® 403l MO g0t g 08l 3% (g0l
Time (y) Time (y) Time (y)
0 Circinus - Intrinsic Luminosities o 1C4518A - Intrinsic Luminosities 20 NGC7172 - Intrinsic Luminosities
B AL A
v 0520keV v 0520keV
I P
oo b n®
z o g, .
o AU D A\ D AL
g g R B
2 00 2 52 2 06
o o o
0 [OR O]
oo 29 .
WA PAWAT I 0> e
A %) 5 1 o) \\ \3 1/07/06 Phﬂﬁ/\)ﬁ 01/09/06 2 3 A 5 © 1
16100 (080 03100 0810 08O 0y o Time (y) V0N 1080, 10807 g 0302 7 0MO g 08I0
Time (y) Time (y)
e NGC7319 - Intrinsic Luminosities
X-’v-\“
B
w
F e\
g"
2 0P
k<]
00
0
O e T o o el ST
0! 0 0 0. O 0 ) 0
'ZMQM \Q’mm Q\!“M 2\\0M \,.Lma\l%m%\ ‘\’HQM QQ‘“M

Time (y)

Fig. 3: X-ray intrinsic luminosities calculated for the 5(3.5—-2.0 keV, green triangles) and hard (2.0-10.0 ke\tietks) energies
in the simultaneous fits, only for the variable objects.

— NGC 4507 SMF2 was used to fit th&kMM—-Newton data, — NGC 4698 SMFO was used in the simultaneous fit, resulting
with Norm, (36%) andNy, (21%) varying in a nine-year  in no variations in a nine-year period. UV data in the UVM2
period. This corresponds to a flux variation of 96% (81%) filter is available, where the object does not show changes.
in the soft (hard) energy band. Two additional Gaussian We classify it as a Compton-thin candidate.
lines at 1.36 (Mg XlI) and 1.85 (Si Xlll) keV are needed i i ) o i
to fit the data. The annular region contributes with 13% to~ NGC 5194 The simultaneous fit results in no variations (i.e.,
the Chandra data. When comparin@handra and XMM— S_MFO was used) \_Nlthln an 11-year period. The annular re-
Newton data, the best fit resulted in SMF1 witormy, gion contributes with 91% to th@handra data. When com-
(53%) varying over nine years. Short-term variations are Paring data fromxMM-Newton andChandra, SMFO re-
found from neitheChandra nor XMM—Newton light curves. ~ Sults in the best representation of the data. Shendra

We classify it as a Compton-thin candidate. light curves were analyzed in three energy bands, but vari-
ations are not reported. UV data are available in threedilter

one showing variations (UVW1) and the remaining two not
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(UVW2, UVM2). We classify it as a Compton-thick candi- —
date.

— MARK268: The XMM—Newton observations are separated
by two days. SMFO was used to fit the data. UV data are
available in two filters (UVW1 and UVM2); none of them
show variability. We classify it as a Compton-thin candedat —

MARK 273: Only one observation per instrument can be
used for the variability analysis. The annular region con-
tributes with 31% to theChandra data. Variations inNy»
(51%) were needed in the SMFL1. This corresponds to a lumi-
nosity variation of 24% (32%) in the soft (hard) energy band-
over a two-year period. UV data are available in two epochs,
with no variations observed. The analysis of Bleandra
light curve results in no short-term variations. Compton-
thick and Compton-thin classifications were obtained for di
ferent observations, so we classify it as a changing-loak ca
didate (see Table A.7).

Circinus Chandra and XMM—Newton data are available at
different epochs. Théhandra data analysis results in SMFO
(i.e., no variations) in a nine-year period, while tKBIM—
Newton data set needs SMF2 witormy (34%) andNorm,
(31%) varying within a 13-year period. However, tKieIM—
Newton data did not show any flux variations. The spectra

NGC 7172 SMF1 is the best representation of tKMM—
Newton data, withiNorm, (54%) varying over a three-year
period. This implies an intrinsic flux variation of 54% (53%)
at soft (hard) energies. We classify it as a Compton-thin can
didate.

NGC 7212 One observation per instrument is available. The
annular region contributes with 16% to tiéhandra data.
When comparing both data sets, SMFO is needed; i.e., vari-
ations are not found. We classify this source as a Compton-
thick candidate.

NGC 7319 The best representation of the data used SMF2
with Ny (passed fronNy1 = 6.5x 10%'em™2 to Ny1 = Nga))

and Norm, (39%) varying in a seven-year period. Intrinsic
flux variations of 38% in both the soft and hard energy bands
are obtained. The annular region contributes with 17% to the
Chandra data. When comparingMM—Newton andChan-

dra data, SMF1 withNorm, (54%) varying is required, im-
plying flux variations of 71% (69%) at soft (hard) energies
over six years. Short-term variations were not detected. We
classify it as a changing-look candidate because Compton-
thick and Compton-thin classifications were obtained for di
ferent observations (see Table A.7).

are quite complex, so two (at 1.85 (Si XIII) and 2.4 (S XIV$.2. Spectral characteristics

keV) and four (at 1.2 (Ne X), 1.36 (Mg XI), 1.85 (Si XIII),
and 2.4 (S XIV) keV) additional Gaussian lines are requir
for the XMM—-Newton andChandra fits, respectively. The
annular region contributes with 28% to tihandra data.

ried out owing to the complexity of the spectra. Short-term
variations are not found from@handralight curve. We clas-
sify it as aCompton-thick candidate. We notice that the vari-
ations obtained fronXMM—Newton data will not be used
for further discussion, because this variability seemseo
caused by extranuclear sources (see B.18 for details),

therefore this nucleus is considered as non-variable.

1J1e sample of 26 optically classified Seyfert 2 galaxies pre-
e ) i :

Sented in this work show a variety of spectral shapes. None of
them are well-fitted with the ME or the PL models alone. Com-

However, the comparison between the data sets was not ggls_lte models are required in all cases.

The models we used in previous works (to represent the

spectra of LINERs, Gonzalez-Martin et al. 2009b; Hernandez
.Garcia et al. 2013, 2014) describe the spectra of 12 galesdlts
(MARK 348, ESO417-G06, MARK 1066, 3C 98.0, NGC 3079,
%G
jects in our sample observed in polarized light (see Tahlerlg
NGC 5643 The XMM—Newton data were fitted with thegalaxy in this group has a HBLR and four a NHBLR.

C 4698, NGC 5194, MARK 268, ESO 138-G01, NGC 6300,
C7172, and NGC 7319). Three models are required (2PL,
PL, and ME2PL) for the spectral fits. Among the 15 ob-

SMFO; i.e., variations were not observed within a six-year On the other hand, 14 objects (NGC424, MARK573,

NGC788, MARK3, MARK1210, IC2560, NGC 3393,
NGC 4507, MARK 273, Circinus, NGC5643, MARKA477,
MARK477. The two observations are separated by tw@ 4518A, and NGC 7212) show a more complex structure at
days. SMFO was used, so no variations are reported. At Wviergies below and around 2 keV, which cannot be fitted with
frequencies variations are not found. We classify the sourg single thermal component. These nuclei need the 2ME2PL
as a Compton-thick candidate. model to fit the data. Besides, four of the objects need aiditi

] . Gaussian lines to properly fit the data. Nine galaxies in this
IC 4518A The XMM—Newton data need SMF1 Wlfkiormz group have a HBLR and one a NHBLR.

(42%] varying. The variations are found in an eight-day p€- e aqdition of a cold reflection component to the best-fit
riod, and correspond to a flux variation of 40% (41%) in thg,oge| is not statistically required by the data, except islbb
soft (hard) energy band. We classify it as a Compton-thihs4600101XMM—Newton) of 3C98.0. It is worth noting that
candidate. even if a model including this component is physically more

ESO 138-G01 No variations are found (i.e., SMFO wadneaningful, the lack of data at harder energies preventsous f

Used) within a five-year period. We classify it as a Comgetting the best values required by the model, and therafsire
ton-thick candidate. gle power law is enough for studying nuclear variations. @ t

other hand, we find that the cold reflection component remains
NGC 6300 The Chandra observations are separated by fougonstant for 3C 98.0 in SMFL1. If this is the general scenaée (
days. SMFO results in the best fit; i.e., variations are ndect. 6.2), the lack of this component in the models will met i
found. The annular region contributes with 5% to @man- troduce biases into the variability analysis.
dra data. When comparinghandra and XMM—Newton A thermal component at soft energies is needed to fit the
data, SMF2 was used, witklorm; (98%) andNorm, (98%) data in 24 out of the 26 sources; in 14 cases, two MEKAL
varying over an eight-year period. We classify it as a Compte needed. It is worth recalling that even if a MEKAL model
ton-thin candidate. fits the data well, because of its spectral resolution, pboto

period. We classify it as a Compton-thick candidate.
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Fig. 4: Histograms of: (Left): the luminosities for the \aie (dark blue) and non-variable (light blue) galaxiedim sample; and
(Right): the luminosities for the galaxies in the sampledid into Compton-thick (purple), Compton-thin (red), aménging-look
(orange) candidates. The dashed line represents the altrefselection of faint (below) and bright (above) Sey2sit

ized models would be required to properly describe the d&ta (hypothesis that the sample came from the same normal distri-
Sect. 4.1). The values of the temperatures are in the lahge bution. The spectral changes are mainly due to variations in
[0.04-0.26] keV (only when the 2ME2PL model is fitted) wittthe nuclear power (i.eNorm), which is observed in nine nu-

a mean value of 0.1D.03 keV, ankT, = [0.13-1.00] keV with clei (MARK 348, 3C 98.0, MARK 3, MARK 1210, NGC 4507,

a mean value of 0.6@.14 keV. The values of the spectral in{C4518A, NGC 6300, NGC 7172, and NGC 7319). Changes in
dex (which is the same at soft and hard energies, when two #re column density (i.e.Ny2) are also present in four cases
required) is in the rang€ = [0.61-3.23], with a mean value(ESO 417-G06, MARK 273, MARK 1210, and NGC 4507 — in
of 1.56'0.40, and the absorbing column densities at hard ehe last two accompained by changesNorm,). Changes at
ergiesNy» = [5.15-152.21x10%?cm 2, with a mean value of soft energies are found in two objects: NGC 73M3{ together
34.6915.30x10%%cm 2. with Normy) and NGC 6300 ormy together withNor ). This
means that from the 11 sources showing variations, most of
them (nine out of 11) show variations in the nuclear continuu
(i.e., Norny), while variations due to absorptions are less com-

>From the 26 galaxies in our sample, we compared datafatdi mon (four in total, in two objects accompained by variations
ent epochs from the same instrument in 19 cases. Among théder,m).

seven objects were observed wi@handra, 13 with XMM—

Newton, and in one case (namely Circinus) observations-at da4 3.1. HBLR vs. NHBLR

ferent epochs with both instruments were available. o '

Chandra andXMM—Newton data are available for the sameFrom the 15 objects in the sample with available observation
object in 15 cases (see Table A.1). We did not compare th@seolarized light (see Table 1), ten are HBLR objects and five
data sets for NGC 3079 because the number counts of the nucktdBLR. Nine out of the ten HBLR objects need the 2ME2PL
contribution ofXMM—-Newton spectrum (after decontaminatingnodel for the spectral fits (except MARK 348). The mean values
from the annular region) is not enough for a reliable spééitra of the parameters in the simultaneous fits are reported i Bab
Given that NGC 3079 has one observation per instrument tiabom the ten HBLR, four (MARK 348, MARK 3, MARK 1210,
cannot be compared, this object will not be used to discusg lo and NGC 4507) show variations Morm,, in two sources ac-
term variations. Additionally, th€handra and XMM—Newton compained by variations iNy2. One (NGC 7172) out of the four
spectra of Circinus are veryftierent, most probably because exNHBLR sources shows variations horm.
tranuclear sources are included in tiBIM—Newton aperture Therefore, although the number of objects in this subsample
radius, thus preventing us from properly comparing both. Fis not enough to be conclusive, it seems that there isffierdnce
the remaining 13 objects, the simultaneous analysis wadar in either the proportion of variable objects or in the pattefrithe
out (Table A.5), where the extranuclear emission were gieglivariations.
ble in two cases (NGC 424 and NGC 788). Four of these sources
showed spectral variations. . .

In tota?, 25 (out of 26) nuclei have been analyzed to study>-2- Compton-thick vs. Compton-thin
long-term X-ray spectral variations, with 11 of them (extlu We select Compton-thick candidates when at least two out of
ing Circinus®) showing variability. In Fig. 4 (left) we present athe three indicators were met (see Sect. 4.5). These indicat
histogram of the luminosities of the variable and non-\z&a are obtained from X-ray (EW(Fe§ andI’) and the [O llI] line
sources. A K-S test results in=0.006, so we can reject the(F,/F(o ;) data. In Fig. 5 we represent the histogram of these
values for the whole sample, where the mean was calculated
when multiple observations were available (from Table A.7)
One Compton-thin candidate hBisc 1 (NGC 4698), one Comp-

5.3. Long-term X-ray spectral variability

10 We exclude the variations found witkMM—-Newton data because
they are most probably due to extranuclear sources, whiiatiens
with Chandra data are not reported.
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Fig. 5: Histograms of (Left): the slope of the power lawirom Table A.7; (Middle): equivalent width of the iron linEW(FeKa);
and (Right): the X-ray to [O IlI] flux ratios. In all cases thamsple is divided into Compton-thick (purple), Comptonatkied),
and changing-look (orange) candidates. The dashed lipessents the values for the selection of Compton-thickofleehnd
Compton-thin (above) candidates.
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2.0 25

ton-thick candidate has EW(Fe(<0.5 keV (MARK 477), one Table 3: Mean values of the spectral parameters for the sub-

Compton-thin candidate has Idg(/Fjoin;)< 0 (NGC3079), 9roups.

and four Compton-thick candidates have Bg(Foi)> 0

(NGC 424, IC 2560, ESO 138-G01, and NGC 7212; see discussroup r Nh2 log(L(2-10 keV))
sion in Sect. 6.2). All 1.56'0.40 34.6915.30 42.560.89
>From the 26 nuclei, 12 are classified as Compton-thickHBLR 1.34°0.43 39.2218.62 42.720.80
candidates (NGC424, MARK573, MARK3, MARK 1066, NHBLR 1.58'0.48 40.1720.23 41.401.04
IC2560, NGC3393, NGC5194, Circinus, NGC5643,Compton-thick| 0.57°0.29" 43.9519.53 42.331.01
MARK 477, ESO138-G01, and NGC7212), 12 as Comp-Compton-thin | 1.43'0.32 20.3114.39 42.731.12
ton-thin candidates (MARK 348, NGC 788, ESO417-G06,Changing-look| 1.6870.49 45.991.24 42.760.49
3C98.0, MARK 1210, NGC3079, NGC4507, NGC4698,Bright 1.44'0.40 32.1120.12 42.780.29
MARK 268, IC4518A, NGC 6300, and NGC 7172), and two Faint 1.69°0.61 34.5321.20 41.380.82

as changing-look candidates (MARK273, and NGC 7319kol. 1) Group, (Col. 2) values df, (Col. 3) column density in
The mean values of the spectral parameters in these sulggraitits of 1G2cm2, and (Col. 4) intrinsic luminosity in the 2—10
are reported in Table 3, where Compton-thin candidates &V energy band.

more luminous and less obscured and have steeper speétmiis value is calculated from the simultaneous values tegor
indices than Compton-thick candidates. The spectral irafexin Table A.7.

Compton-thick candidates was estimated udigg: # Thard

see details in Sect. 4.5) and the values are reported ireTabl . .
,(,_\‘7‘ st ) val P I variable, MARK 273, and NGC7319), and nine Compton-

_thi ; in (seven variable, MARK 348, ESO417-G06, 3C98.0,
Only one (out of the 12) Compton-thick candidates sho ARK 1210, NGC 4507, IC4518A. and NGC 7172). The re-
faining 11 objects are faint Seyfert 2s, including three gem
a}%ﬂ-thin (one shows variations, NGC 6300) and eight Compton
thick (none varies).

In total, 10 (out of 15) bright nuclei, and one (out of 10) tain
nuclei show variations. Therefore, brighter sources idelmore
variable sources and less Compton-thick candidates, d then

n?_\n be derived by comparing left- and righthand panels in Fig
. Moreover, we note that NGC 6300 (i.e., the only faint seurc
that varies) has log(L(2-10 ke\A%#1.95, very close to the es-
tablished luminosity limit. The mean values of the speqbia
rameters of these subgroups are reported in Table 3, whate fa
objects show a steeper power law index than bright objects.

to Norm, (seven cases, in three sources accompained by v
tions in Ny2 or Normy) and only in one case tdy, alone. The
two changing-look candidates show X-ray long-term vaoiati
MARK 273 variesNy2, and NGC 7319 needs variationshy;
plusNorny.

Therefore, the number of variable Compton-thin and cha
ing look candidates is notably higher than that of Comptaokt
candidates.

5.3.3. Bright vs. faint nuclei

In Fig. 4 (right), we present the histogram of the luminosi-

tites of the AGN in the sample as reported in Table 2, fd&.4. Short-term X-ray variability
Compton-thick (purple), Compton-thin (red), and changimak . . .
(orenge) candidats, & bimocl dsiution can b apatec Q0SSN T et oXpenure mest teee o e
te -S test, 0. , with the dference around log(L(2— : :

10 keV))~42. Based on this histogram we separate the objeﬁ%rces for the analysis (see Table A.6). Three of them (BD25

: : - : C5194, and MARK 573) show positive valuesdg, but
nto faint (with log(L(2-10 keV)X42) and bright (log(L(2—-10 ) 8 XS
:(eV))>I 42)(Véneyfer?(23(. )¥42) ight (log(L( below 3 of confidence level in all cases. Therefore we cannot

>From these, 15 sources are bright, including four Comflaim short-term variations in any of the objects in our s&Emp
ton-thick (one variable, MARK 3), two changing-look (bot pper limits ofoy g have been estimated for all the other cases.
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5.5. Long-term UV flux variability starburst galaxies and find that Seyferts 2 have a high @ontri
tion from processes that are related star formation, whialy m
XMM-Newton data at dierent epochs were used to study 10NGy. o ated to emission coming from the host galaxy.

term X-ray spectral variations in 13 sources. In nine of them Notwithstanding, two sources show variations at soft ener-

data from the OM cannot be used because the source is outsj - . e
! ; . T gies 2 keV h showin rent variabilit ttern t
the detector or because the same filter is not availablefar-di .a'%fogh caiegl t?iae(;e ?/a(r)iatio?‘is gﬁ 2cco?n§:nie¥j%6;/ \?aisi;ailt)ign

; i
ent epochs. In contrast, two objects (MARK 273 and NGC 519gi:>e normalization of the hard power law; NGC 6300 shows vari-
have OM data while the sources were out of the pn detect@y

h dat | dt hf iati i ions in the normalization at soft energid&grmy,, when com-
SO these data were also used 1o search lor variations at yaing gata fronKMM—Newton andChandra; and NGC 7319

frequencies. Thus, UV data for variability studies are laré P : '
for six galaxies (3C 98.0, NGC 4698, NGC 5194, MARK 268showed variations in the absorber at soft enerdigg, when

.. ~~“eomparing twaChandra observations. It is worth noting that the
MARK 273, and MARK 477). Only NGC 5194 shows variation . o1
above 3 of the confidence level in one filter (UVW1). Soft X-ray fluxes are on the order of Herg cm®s* in the

two nuclei, which is typical of Seyfert galaxies (Guainaztzal.

We also searched in the literature for UV variations for th§005b> so these variations are not related to low-countam
sources in the sample, but this information was availablg oryistics However, variations at soft energies in thesgces
for MARK 477 (see Appendix B).' Comparing the analyses flave not been reported before. Up to now, such variations hav
X-rays and UV, wo out of the six sources do vary at X-raygmy been found for two Seyfert 2s. Paggi et al. (2012) found
but not at UV frequencies (3C98.0 and MARK 273), and ong, jations at soft X-rays in the Seyfert 2 MARK 573 when com-
(NGC 5194) does not show variations in X-rays but it does g i, tourChandra observations. This nucleus is also included

UV. 'I'thSVr?maining_three objects do not vary neither in X-rayg e nresent sample, but variations are not found hereylynai
nora requencies. because we did not use two of the observations included in the
work of Paggi et al. (2012) since they wer@ezted by a pileup

6. Discussion fraction higher than 10%. Guainazzi et al. (2012) specutee
variations at soft X-ray energies in MARK 3 may be present
6.1. X-ray spectral variability when comparingkMM—Newton andSwift data, but confirma-

) i - . tion is still required. They argue that these variationsraost
A long-term X-ray variability analysis was performed for @it probably due to cross-calibration uncertainties betwaenir-

of the 26 nuclei in our sample of Seyfert 2 galakiesrom ; _ oY

these, 11 sources are variable at X-rays. Among the rengainzareumﬁg:fﬁobsl:t I;rttr l;?ihsgfrfa)ﬁrgaxli/r?;?;oigﬁ could be rethto

14 nuclei where variations are not detected, 11 are Compton- P I~ gon. Co

thick candidates, and therefore variations are not expgdetg. On the other hand, the variability patterns found in thiskvor
Matt et al. 2013, and references therein). This agrees wl| whaeveassli?bt;?sna;egggﬁ?nf%géh%%p‘ivse?é %Gu':d \@”gtc')?gz Ile?z-
our results, where only one out of the 12 Compton-thick CaH/}artin etal. (2011a). who useiizaku data to study the LINER

didates shows variations. We refer the reader to Sect. 6.2 fo2 N X
X ) e . NGC 4102. They argue that the variations at soft energis ar
complete discussion about Compton-thick candidates. Trres o due to an absorbing material located within the torus and per

gﬁ;S:gg'(\,'\,vgecr%gr'ﬁtggiggegng:,ge,\f,%ef zegg)c.?m ;an' Fndicular to the plane of the disk. Variability timescates
variations may be due to the short timescale between obse %s:ﬁteide:oaleséig(i)z;t)e g]gv\l,gy;r ?rrgtﬁrg;;tzlgg’%%xé%ﬂtﬁf'o
tions for MARK 268 (two days). The timescales between obs rvations were obtained randomly, so the variability tioad

vations for the other two sources are on the order of yeays, %?the eclipse can be shorter. In the case of NGC 7319, varia-

in principle, variations could be detected. New data woléde- %ons are obtained within a timescale of seven years, whsich |
Iﬁ;i:go:ier%lélsred before confirming the non-variable natire too long to estimate the distance at which the cloud is latdte

In this section the discussion is focused on thigedént pat- is wo_rth noting _that we classified this object as a_changam’;el
terns of variability obtained for the 11 variable nucleilind- candidate. Besides, we found that NGC 6300 varied the nermal
. : e L jzations at soft and hard energies. Using the same method as
ing eight Compton-thin, two changing-look, and one ComptoPe‘Fprained in this work, Hernandez-Garcia et al. (2013) fived t

Hgﬁz ?%nrg'ga(t:eosrh\é\{inn_?k?i%et;h:tggfn'psté?ftﬂir;t( t('g]revfgn\fgrs ame variabili_ty_pattern in th_e LINER 2 NGC 4552, indicating
t these variations may be intrinsic to the emitting malter

appearance have been reported for MARK 273 and NGC 7319,
which should be added to the short list of known changindcloo
Seyfert 2s, such as NGC 2992 (Gilli et al. 2000), MARK 1216.1.2. Absorber variations
(Guainazziet al. 2002), NGC 6300 (Guainazzi 2002), NGC 7674

(Bianchi et al. 2005a), and NGC 7582 (Bianchi et al. 2009). variations in the circumnuclear absorbers are thought tesbe
common in Seyfert galaxies. In fact, these variations ate us

ally observed in Seyferts 1-1.9 (e.g., NGC 1365, Risalithlet
6.1.1. Variations at soft energies 2007; NGC 4151, Puccetti et al. 2007; MARK 766, Risaliti et al
11), where it has been shown that the changes are most prob-
ly related to the broad line region (BLR), although it hasiip
suggested that multiple absorbers may be presentin an AN, |
cated at diterent scales (Braito et al. 2013). However, it is not
so clear whether variations due to absorbers are commoipfor o
tically classified Seyfert 2s, for which this kind of varti has
11 We recall that NGC 3079 will not be used for the discussionasf-v Only been reported in a few cases (e.g., MARK 348, Marchese
ability, see Sect. 5.1. et al. 2014; NGC 4507, Braito et al. 2013 and Marinucci et al.

2013; MARK 1210, Risaliti et al. 2010).

We found that most of the objects in our sample do not va%
at soft X-ray energies, indicating that the mechanism nesibo
ble for the soft emission should be located far from the rusle
Indeed, using artificial neural networks, Gonzalez-Magtial.

(2014) compared the spectra offdrent classes of AGN and
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>From the 11 variable sources in our sample, variations doet vary in X-rays, so variations at UV frequencies from tie n
to absorbers at hard energies are detected in four nucleidn clear component are not expected. It has been shown that the
of them, MARK 1210 and NGC 4507, variationsMy, are ac- UV/optical spectra of Seyferts 2 include scattered AGN light,
compained by variations in the nuclear continulNorm,. The and it can sometimes be produced by young starbursts, ingud
variability pattern reported for these objects agrees wittvi- supernovae explosions (e.g., Gonzalez Delgado et al. 2004)
ous results presented by Risaliti et al. (2010) and Braital.et fact, supernovae explosions in NGC 5194 have been reparted i
(2013), who argue that the physical properties of the afesorli945, 1994, 2005, and 2011 (Van Dyk et al. 2011), which could
are consistent with these variations occurring in the BL&: F account for the observed variations in the UV.
lowing prescriptions in Risaliti et al. (2010) and using B None of the remaining five nuclei show variations at UV fre-
masses (Table 2) and variability timescales of one and tga dguencies, although there are two nuclei that are variabke in
for MARK 1210 and NGC 4507, respectively, we estimate thrays (3C 98.0 and MARK 273). The lack of UV variations could
cloud velocities to be higher than 3®n s in both cases, thus be explained because X-ray and UV variations might not hap-
also locating the absorbers at the BLR. pen simultaneously (e.g., Hernandez-Garcia et al. 2018k or

On the other hand, ESO417-G06 and MARK 273 show&duse we are not directly observing the nucleus. Mufioz Marin
variations only inNy2. Trippe et al. (2011) report variationset al. (2009) studied 15 Seyfert galaxies wWHBT data (includ-
of a factor about two in the count rate of ESO417-G06 froing types 1 and 2) and found that most type 2 nuclei appear
the 22-month survey dBwift, and Balestra et al. (2005) fit theresolved or absent at UV frequencies, concluding that the UV
XMM-Newton andChandra spectra of MARK 273 studied in emission in Seyfert 2s does not come from the nucleus. Thus,
this work and note that fiierent column densities were requiredhe lack of UV variations in Seyfert 2s is most probably bessau
to fit the data well (its values in good agreement with oursye are not directly observing the nucleus at UV.
indicating variations due to absorption. The timescalevben
observations for ESO417-G06 is 40 days and two years f
MARK 273. Therefore, we cannot estimate the cloud veloci
for MARK 273 because the timescale is too large. Assuming tBgightman & Nandra (2011a) show that at column densities
variability timescale of ESO 417-G06 (40 days) and follogvin~ 4x10?“cm 2, the observed flux below 10 keV is half that of the
prescriptions in Risaliti et al. (2010), we estimate a cleatbc- intrinsic flux at harder energies (see also Ghisellini e1804).
ity > 60 km s71, so too low to restrict the location of the cloudThis indicates that in Compton-thick objects, the primangtin-
Since this estimate is a lower limit of the cloud velocity, am yum is so absorbed in the 2-10 keV energy band that the emis-
itoring campaign of these sources would be needed to camstrgion is optically thick to Compton scattering, and the speutis
their variability timescales, in order to properly constrthe lo-  reflection-dominated. For this reason, we have distingddre-
cus of the absorbers. tween Compton-thin and Compton-thick candidates (seesSect
4.5 and 5.3).

However, the task of classifying Compton-thick objectdwit
X-ray data comprising energies up+0l0 keV is hard because
The most frequently varying parameter in our sampldasny,, the peak of the primary emission is above 10 keV. Insteadethr
which is related to the nuclear continuum. These kinds af vadifferent indicators involving X-ray and [O 1ll] emission line
ations are observed in nine out of the 11 X-ray variable sssiraata are used for their selection (see Sect. 4.5, for detdilsile
— sometimes accompanied by variations in other parametees the three criteria are met in most cases, our results hawernsho
Sects. 6.1.1 and 6.1.2). Therefore the most natural exjidenathat the X-ray to [O III] line flux ratio, log€x/Fjoii) is the most
for the observed variations in Seyfert 2 galaxies is thatlre unsuitable indicator (see Fig. 5). This agrees with Brigdmni.
clear power is changing with time. We recall that variatians Nandra (2011b), who argue that this parameter can be inatecur
not due to changes in the power law ind&X,but related to for classifying Compton-thick sources because of the uaogy
its normalization. It has been shown that hard X-ray vakabin the reddening correction of the [O IlI] line flux. Moreoyeér
ity is usual in Seyfert 2 galaxies (e.g., Turner et al. 199f@e Fig. 5 (right) there are four objects with Idg{/Foii;) > 2.5,
et al. 2011; Marchese et al. 2014). In fact, this kind of variavhich is higher than the values found by other authors (Bassa
tion has already been reported in the literature for objaets et al. 1999; Cappi et al. 2006; Panessa et al. 2006), what may b
cluded in the present work from intrinsic flux variations iind due to a underestimation of the [O IlI] line flux. Although
cating changes in the nuclear continuum (Isobe et al. 2005)I1] line is a good luminosity indicator, the reddening cection
because they needed to set free the normalization of therpomwéght depend on the geometry of the narrow line region, legdi
law for a proper fit to the data (LaMassa et al. 2011). Also & an underestimation of its flux if we do not take it into acebu
higher energies, Soldi et al. (2014) studied the long-teanit v and leading to very high values Bf/Foy; .
ability of 110 AGN selected from the BAT 58-month survey and In the present work, 12 nuclei are classified as Compton-
argue in favor of a variable nuclear continuum plus a corstahick candidates. Among them, variations are found only in
reflection component. Their result is independent of thesila MARK 3, which was previously classified as a Compton-thick
fication of the objects, which includes Seyferts, NLSyldjoa candidate (Bassani et al. 1999; Goulding et al. 2012), withla
galaxies, and quasars. umn density of 11 x 107%cm~2 measured byBeppoSAX (Cappi

Flux variations are indeed a property of AGN, and they haet al. 1999). In fact, variations in MARK 3 have already been r
been reported at fierent frequencies for Seyfert 2s, such as iported by Guainazzi et al. (2012), who studied its varigbils-
radio (Nagar et al. 2002; Nie& de Bruyn 1983) or infrared ing XMM—Newton,Suzaku, andSwift data, and found variations
(Sharples et al. 1984; Honig et al. 2012). In the present wook timescales of months. We found that the changes in MARK 3
we used data from the OM onboaXtiM—Newton to study UV are related tdNorny, i.e., intrinsic to the source. The most likely
variability. These data are available affdient epochs for six explanation for these variations could therefore be thét gfa
objects in our sample, but only NGC 5194 shows variations ihe emission is still transmitted below 10 keV, so variagican
the UVWL filter. This is a Compton-thick candidate that dodse observed.

r2. Compton-thickness

6.1.3. Flux variations
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Interestingly, we found that most of the Compton-thick carfit of MARK 348 with Norm, varies results in a very good
didates are non-variable and tend to be fainter than Comptdih (y?/d.o.f=1520.31368) when comparing the twXMM—
thin and changing-look candidates, which show X-ray vaotet Newton data sets, and residuals are mostly at energies below
(see Fig. 4). This can be explained because the intrinsimiosn 2.5 keV (see Fig. 2). Therefore, the presence of complexavari
ity is underestimated if the primary continuum is supprdsse tions like these in at least some sources in our sample céenot
energies below 10 keV, in agreement with the results of Brigltompletely discarded.
man & Nandra (2011a). In fact, the only Compton-thick can-
didate that shows variations in X-rays is included as a lbrigh i
Seyfert 2. It could be that variations are not observed tetne /- Conclusions

spectra of Compton-thick sources are dominated by the “Eﬂ%ing Chandra and XMM—Newton public archives we per-
tion component. If so, this component might be located &rthiymed a spectral, flux, short-, and long-term variabilitalysis

away from the'central source, so it remai.ns constant. This sgt og optically selected Seyfert 2 galaxies. The main resofit
nario agrees with the results we have obtained for the oniscgo ;g study can be summarized as follows:

where a reflection component was statistically requiredhgy t
data (namely 3C 98.0). These results are also in good agréeme, | ong-term variability was found in 11 out of the 25 an-
with those found by other authors, who did not find X-ray vari- alyzed nuclei, which are more frequent among the bright-
ab|l|ty for Objects classified as Compton-thld( (e.g., N&E24 est sources (|og(|_(2-]_o kev» 1042erg S—l)_ From the 11
and NGC 5194, LaMassa et al. 2011; Circinus, Arévalo et al. variable sources, e|ght are Compton-thin Candidates] two
2014; NGC 5643, Matt et al. 2013). _are changing-look, and only one (namely MARK3) is a
As noted above, if the reflection component does not vary, it Compton-thick candidate. Nofiierence in the variability is
might indicate that the reflection of the primary continuuea 0 found among the HBLR and NHBLR objects. We report two
curs at large distances from the SMBH. The same result was ob- changing-look candidates for the first time: MARK 273 and
tained by Risaliti (2002), who studied Seyfert 2s WB#ppoSAX NGC 73109.
and found that the cold reflection component is compatibte wi
being non-variable. They argue that if the reflection org@s in 2. Short-term variability has not been detected in any of the
the accretion disk, the reflection and the transmitted corapts sources. Nor UV variability.
must be closely related, but if the distance of the reflectdhé
SMBH is greater than the light crossing time of the intringici-
ations, the reflected component must remain constant. fidrere
a reflector located far away from the SMBH is supported by our
results, maybe in the torus or in the host galaxy.

3. The main driver of the observed variations is due to the
power of the central engine manifested through variations i
the normalization of the power law at high energies. At soft
energies variations are rare, and column density varigtion
have only been observed in four cases.

6.3. Caveats and limitations of the analysis Our results are compatible with a scenario where a con-

. . . stant reflection component located far away from the nucleus
The models used in this work to characterize the spectraéﬁl P y

. S X d a variable nuclear continuum take place. Within this sce
Seyfert 2 galaxies are a simplification of the true physicats 5, - compton-thick objects are dominated by reflectiod an
nario occurring in these nuclei. In particular, the 2-10 &% 44"\t show any X-ray spectral or flux variations. This im-
ergy band — where variations are mostly found — is repreden&

b bsorbed | i hich Id b ies that their luminosities are suppressed at hard X;rmagk-
y an absorbed power faw continuum, which could be an OVl them fainter sources than Compton-thin objects. Inresht
simplification of the real scenario.

Spectral variabilit I ‘ tudicuis tmost of the Compton-thin or changing-look candidates arie va
pectral variabiiity analyses of Seven Sources SWCIEaIN Ly, o showing dierent patterns of variability. These changes are
work have been reported previously. Since at least someeéth

ks studv individual th del 4in thei mainly due to variations in the nuclear continuum. However,

wor S.Sr‘]{[ g individua sor;rc;a;, € models Zse 'rgj. ?3'“?” ariations of the absorber or at soft energies are also faund
tse_ls mllgh' € moré comp:]ex t%n tours (seelt ppen|lxm't Or & me cases, with many of them accompanied by variations of
ails). This comparison shows that our results are almestyl 6 y\clear continuum. These variations are mainly dueptad
compatible with those reported in the literature (MARK 121 tersecting our line of sight
Matt et al. 2009 and Risaliti et al. 2010; NGC 4507, Matt et alr.] '
2004. Marinucci et al. 2013, and Braito et al. 2013: MARK 27 3\cknowledgements. We acknowledge the referee, M. Guainazzi, for his com-

X i 4 .. pents and suggestions that helped to improve the paper,hendGN group
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Appendix A: Tables

Table A.1: Observational details.

Name Instrument ObsID Date R Net Exptime  Counts log() Filter
@ (ksec) (ergs)
) @ ®) 4) ©) (6) @) (8) 9)
MARK 348 XMM-Newton 0067540201  2002-07-18 25 18.5 39552
XMM-Newton 0701180101  2013-01-04 25 7.2 5681
NGC 424 XMM-Newton 0002942301 2001-12-10 20 45 1777 -
XMM-Newton 0550950101  2008-12-07 20 127.5 33452
Chandra 3146 2002-02-04 2 9.2 1266 -
MARK 573 Chandra 7745 2006-11-18 2 38.1 3181 -
Chandra 13124 2010-09-17 2 52.4 3456 -
XMM-Newton 0200430701 2004-01-15 20 9.0 3605 427601 uUvwi
42500.05 UVW2
NGC 788 XMM-Newton 0601740201 2010-01-15 20 12.0 4464 -
Chandra 1168C¢ 2009-09-06 3 13.6 1155 -
ESO417-G06 XMM-Newton 0602560201  2009-07-11 20 5.9 2273
XMM-Newton 0602560301  2009-08-20 20 6.1 2031
MARK 1066 Chandra 4079 2003-07-14 3 19.9 807 -
XMM-Newton 0201770201  2005-02-20 20 7.6 974
3C98.0 XMM-Newton 0064600101  2002-09-07 20 9.5 2453 410088  UVW1
XMM-Newton 0064600301 2003-02-05 20 2.9 422 41.90.07 UVW1
Chandra 10234 2008-12-24 2 317 1353 -
MARK 3 XMM-Newton 0111220201  2000-10-19 30 35.2 30700
XMM-Newton 0009220601  2001-03-20 30 4.3 3471
XMM-Newton 0009220701  2001-03-28 30 31 2465
XMM-Newton 0009220901  2001-09-12 30 0.9 708
XMM-Newton 0009220401  2002-03-10 30 2.7 2215
XMM-Newton 0009220501  2002-03-25 30 4.3 3512
XMM-Newton 0009221601  2002-09-16 30 1.3 1042
MARK 1210 Chandra 4875 2004-03-04 2 10.4 1998 -
Chandra 9264 2008-02-15 2 9.8 2052 -
Chandra 9265 2008-02-15 2 9.4 1873 -
Chandra 9266 2008-02-15 2 9.4 1752 -
Chandra 9268 2008-03-06 2 9.8 1608 -
NGC 3079 Chandra 203¢% 2001-03-07 4 27 414 -
XMM-Newton 0110930201 2001-04-13 25 5 1112 -
IC 2560 XMM-Newton 0203890101 2003-12-26 20 70.7 7694 -
Chandra 4908 2004-02-16 3 55.4 1583 -
NGC 3393 Chandra 4868 2004-02-28 5 29.3 1971 -
Chandra 12290 2011-03-12 5 69.2 3716 -
XMM-Newton 0140950601 2003-07-05 20 10.1 2759 -
NGC 4507 XMM-Newton 0006220201  2001-01-04 30 32.3 35004
XMM-Newton 0653870201  2010-06-24 30 15.1 11977
XMM-Newton 0653870301  2010-07-03 30 121 9574
XMM-Newton 0653870401 2010-07-13 30 12.2 10023 -
XMM-Newton 0653870501  2010-07-23 30 10.3 8247
XMM-Newton 0653870601  2010-08-03 30 1.0 752
Chandra 1229% 2010-12-02 2 39.6 9048
NGC 4698 XMM-Newton 0112551101  2001-12-16 25 8 411 40040 UVM2
XMM-Newton 0651360401  2010-06-09 25 28 1647 400141  UVM2
NGC 5194 Chandra 1622 2001-06-23 2 27 451 -
Chandra 393% 2003-08-07 2 48 940 -
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Table A.1: (Cont.)

Name Instrument ObsID Date R Net Exptime  Counts log() Filter
@ (ksec) (ergs)

) @ ®) 4) Q) (6) @) (®) 9)

Chandra 13813 2012-09-09 2 179.2 2238 -

Chandra 13812 2012-09-12 2 157.5 2516 -

Chandra 13814 2012-09-20 2 189.9 2574 -

Chandra 13815 2012-09-23 2 67.2 1022 -

Chandra 13816 2012-09-26 2 73.1 1033 -

XMM-Newton 0112840201 2003-01-15 25 17 11641 409201 uvwi

XMM-Newton 0212480801  2005-07-01 - - - 4019301 UVw1
40.380.11  UVM2
40.370.16  UVW2

XMM-Newton 0303420101  2006-05-20 - - - 40p01  Uvw1

XMM-Newton 0303420201  2006-05-24 - - - 408401 UVW1
40.340.07 UVW2

XMM-Newton 0677980701  2011-06-07 - - - 40901 UVW1
40.590.04 UVM2
40.4000.08 UVW2

XMM-Newton 0677980801  2011-06-11 - - - 4009401 UVW1
40.530.04 UVM2
40.41:0.08 UVW2

MARK 268 XMM-Newton 0554500701  2008-07-20 20 2.3 547 420605 UVM2

42.930.01 Uvwi
XMM-Newton 0554501101  2008-07-22 20 10.5 2469 4200864 UVM2
42.920.01 Uvwi

MARK 273 XMM-Newton 0101640401 2002-05-07 20 17.8 1796 430806 UVW1
XMM-Newton 0651360301  2010-05-13 - - - 4310601  UVW1
Chandra 80F 2000-04-19 4 44.2 1633 -

Circinus Chandra 365 2000-03-14 2 5.0 1638 -

Chandra 9140 2008-10-26 2 48.8 15594 -
Chandra 10937 2009-12-28 2 18.3 5929 -
XMM-Newton 0111240101  2001-08-06 15 63.8 139614 -
XMM-Newton 0656580601 2014-03-01 15 24.1 43031 -

NGC 5643 XMM-Newton 0140950101  2003-02-08 25 5.9 1419 -
XMM-Newton 0601420101  2009-07-25 25 16.1 4142 -

MARK 477 XMM-Newton 0651100301  2010-07-21 20 7.2 1898 480401 UVW1
XMM-Newton 0651100401  2010-07-23 20 6.5 1761 430431 UVW1

IC4518A XMM-Newton 0401790901  2006-08-07 20 7.5 2082 -
XMM-Newton 0406410101  2006-08-15 20 21.1 4003 -

ESO138-G01 XMM-Newton 0405380201  2007-02-16 20 10.5 4454 -
XMM-Newton 0690580101  2013-02-24 20 7.7 3179 -

NGC 6300 Chandra 10292 2009-06-10 2 9.8 3686 -

Chandra 10293 2009-06-14 2 9.8 3331 -
XMM—-Newton 0059770101 2001-03-02 20 34.9 919 -

NGC 7172 XMM-Newton 0147920601  2002-11-18 25 10.9 19949 -
XMM-Newton 0202860101  2004-11-11 25 18.1 31517 -
XMM-Newton 0414580101  2007-04-24 25 26.9 92998 -

NGC 7212 XMM-Newton 0200430201 2004-05-20 20 9.6 1365 Not detected
Chandra 4078 2003-07-22 3 19.9 682 -

NGC 7319 Chandra 789 2000-07-09 3 19.7 880 -

Chandra 7924 2007-08-17 3 93.2 3796 -
XMM-Newton 0021140201 2001-12-07 20 32.3 5839 Not detected
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Table A.1: (Cont.)

Name

®)

Instrument

()

ObsID Date R Net Exptime
@ (ksec)
® 4) Q) (6)

Counts log() Filter
(ergs)
) (8) 9)

Notes.(Col. 1) name, (Col. 2) instrument, (Col. 3) obsID, (Col. 4tel (Col. 5) aperture radius for the nuclear extraction).(€)
net exposure time, (Col. 7) number of counts in the 0.5-10 lkaid, (Cols. 8 and 9) UV luminosity from the optical monitoda
filter. Thec represents data fromftirent instruments that were compared as explained in S&ct. 4

Table A.2: Final compilation of the best-fit models for thengde, including the individual best-fit model for each obsgion, and
the simultaneous best-fit model with the varying parameters

Analysis ObsID Model N1 Ny2 kT T Normy Norm, x?/d.o.f
keV (104 104 F-test
@) @ G ) ®) ©®) @ ®) ©) (10)
MARK 348
. .56 .63 0165
Ind 0067540201+ ME2PL  0.Q§3  13.403%: 0.1629 1.50+3% 0548  80.760%%°  1281.961132
. .58 .49 279
Ind 0701180101 ME2PL - 12.882 0.2¢4% 1.4258 0.3%39 2388278 219.03227
. . . 8.95
SMF1 0067540201 ME2PL - 13.280 0.19% 1.50:38 0.5437 88.498%5 1520541368
0701180101 27.18%43 0
NGC 424
* . .72 91 .85 10.69
Ind 0002942301 2ME2PL - 34.89%8 0.07253(0.65.72) 1.49%1 0.488° 421308 66.8054
. 0.72 .10 .83 375
Ind 0550950101 2ME2PL - 45.550% 01435 (0.7873  2.0333 0.74% 11.4%37 1165.90532
. 0.84 .63 .01 377
Ind 3146 2ME2PL - 17928 013 (0.788)  2.3%83 0.68;05 13.76%7 48.0237
SMFO 0002942308146  2ME2PL - 244891 0.09520(0.675%3)  1.821%+  0.72588 6.7¢:31 138.97103
MARK 573
. . .78 .55 671
Ind 7745 2ME2PL - 3.2 01F30.70%)  2.5¢78 0.4858 3.9787 71.2267
* 89 .13 .72 .27 .87 129
Ind 13124 2ME2PL - 38488 004320655 192 0.5%87 5.18%2 92.5Y78
. .82 .45 .87 8.62
Ind 0200430701 2ME2PL - 17.59%8 0.1475(0.73982 3.28% 0.6€0.3% 9.8558 78.0488
SMFO All 2ME2PL - 45832300 0.10012(0.67%9) 2122383+ 0.419%% 2.74338 198.73161
NGC 788
* . 0.76 1.67 0.47 0.52
Ind 0601740201 2ME2PL - 50.82%0 0.11932 (0.713¢ 1.4857 0.31347 16.84%3 199.77154
07 .17 .87 1.06 .31 051
Ind 11680 2ME2PL - 44.83% 0140 0.768)  0.6%% 0.1931 4.10105 34.456¢39
SMFO Ali(+ring) 2ME2PL - 4668533 01121207075 128151 0352517 12432031 262.36205
ESO417-G06
Ind 0602560201* MEPL  0.7% 5.1579 0.1§18 1.032  59.98731 45539 129.1396
. . .70 0257 3.80
Ind 0602560301 MEPL 0.8 7.88%0 0.19% 14470 16.28% 8.56. %5 108.1385
. . . 1075 7.95
SMF1 0602560201 MEPL  0.8€; 5.64238 0.181° 12837 46282 5.91/35 249.86189
0602560301 7.1H2 2.6e-5
MARK 1066
. .40 .20 0.92
Ind 4075 ME2PL  0.2837  70.478587 0.6872 21230 0.4¢429 5.66%5 41.6824
9 0619 . .68 .05 9.76
Ind 0201770201* ME2PL  0.@45  54.33%% 0.7¢)88 217258 0.458% 6.23%7 27.8635
SMFO All ME2PL  0.132%  82.2¢7%% 0.682 2.02%5 05373 7.185%8 96.1169
3C98.0
Ind 0064600101* MEPL  0.67% 7.0828 0.1877 1.0427 9166313  3.2733 117.19102
Ind 0064600301 MEPL 0495  7.150%% 0142 0.9%8 4052352 17550 7.3012
. . ¥ 620 .18
Ind 10234 MEPL  1.33% 7.0228 0.2132% 1048  13.04%27 1733 64.6953
.. . .23 316! .
SMF1 0064600101 MEPL  0.697 7.0829 0.1417 10233 925¢31% 3227 127.89122
0064600301 1.8872 6.1e-19
MARK 3
* d . . .33 . 910
Ind 0111220201 2ME2PL - 44472 0.1617 (0.692 1.25:% 1.54-73 15.8431%  934.24789
6 .18 .73 .62 .0 X
Ind 0009220601 2ME2PL - 438%° 01580683  1.3%%2 1.389% 145833 162.96134
9 . .86 .84 .30 4.58
Ind 0009220701 2ME2PL - 38.53% 0.11328 (0.79%%) 1.54:89 1.43% 18.14%3 93.3393
Ind 0009220901 2ME2PL - 24980  01233(059%)  0.9%% 0.7§93 3.48584 10.5021
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Table A.2: (Cont.)
Analysis ObsID Model NH1 NH2 kT T Normy Norm, x?/d.o.f
keV (104 (104 F-test
©) @ ® @ ®) O @ ®) ©) (10)
Ind 0009220401 2ME2PL - 45.8658 0.1217(0.6B17 1.3¢% 1.3818 11.8¢3%1 119.2281
Ind 0009220501 2ME2PL - 34.5%58 0.162% (0.68.73 1.3838 1.32435 10.3¢87°  141.67135
Ind 0009221601 2ME2PL - 53845 0138 (0.73% 11252 1182 9.98756 41.9635
SMF1 0111220201 2ME2PL - 435 oagilo.e9ll) 1283+ 16673 16471222 1560.361354
0009220601 11.7534%0 5.6e-28
0009220701 11.2913%8
0009220901 11.683%87
0009220401 10.86332"
0009220501 11.1633%2
0009221601 10.422315
MARK 1210
Ind 4875 2ME2PL  1.2978  22.7280% 0.28%3 (1.0¢39) 1.0%492 0625  17.54%4%0 97.4075
Ind 9264* 2ME2PL - 1973103 02102 (0.8333)  0.9813 0.43938 6.72L94 110.8078
Ind 9265 2ME2PL 1188 33.3¢85  0.2% (0.82%) 1.9844 1684 29.3¢35° 71.0969
Ind 9266 2ME2PL  0.6552 2943397 01472 (0.66L)  2.0G5: 1328 3202353 66.4164
Ind 9268 2ME2PL - 2983838 008300708 1627 0.65:0  39.882% 82.7658
SMF2 4875 2ME2PL - 21.28%7 0.182)(0.81387) 1.29-48 0.5 14.9329F  496.50384
9264 227818 2472128 8.2e-19
9265 26.482%° 26.67283] 1.6e-8
9266 233538 2158187
9268 26.33353 16.731%
NGC 3079
Ind 2038 MEPL 17835 874063 0.9141¢ <1.41 2.2828 0.24£885 21.0220
Ind 0110930201 MEPL  0.6%% 0.040%3 0.2538 15272 11.268%° 0.61372 43.9354
IC 2560
Ind 0203890101*  2ME2PL - 34485 0095 (0.568) - 13233 0.1313 0.8338 298.27247
Ind 4908 2ME2PL - 26.983 0.1125 (0.59%) 1.2¢78 0.143%% 0535 87.8751
SMFO Ali(+ring) 2ME2PL - 3148274 0.090%9(0.6008%)  1.281%2  0.1%13 0.6733 387.63309
NGC 3393
Ind 4868 2ME2PL  0.0005 32572039  0.141 (0.5 2.6 0.3¢)53 4.1§%%8 68.6653
Ind 12290* 2ME2PL  0.08%2 2425923 0.1818 (0.69[2) 2723 0.4 43337 144.8488
Ind 0140950601 2mME2PL  0.88; 21.3¢7%3""  0.11022(0.58% 2268 0.285%5 1.2€333 85.1776
SMFO All 2ME2PL - 27.71583 0.1915(0.68%) 2683+ 05055 4.2678 232.76153
NGC 4507
Ind 0006220201*  2ME2PL - 41.7311 0.121% (0.685% 1.6279 1074 7583271 1117.20987
Ind 0653870201 2ME2PL - 47098 01213 (0.648) 1.243 0.83% 2356300 438.97420
Ind 0653870301 2ME2PL - 50682  0.11513 (0.65%9) 1.0428 0.76).58 20.689%8  440.94344
Ind 0653870401 2ME2PL - 430850 0.1817(0.697)  0.9¢18 0.688 13.9¢%1°  398.3§363
Ind 0653870501 2ME2PL - 46.3%52 0.121% (0.612%) 1183 0.7%% 22.032%2  346.92299
Ind 0653870601 2ME2PL - 27 4828 0142 0.798) 0728, 02283 6.473034 20.1321
Ind 12292 2ME2PL - 44,6848 0191707378  0.84% 0.63989 1974737 393.04287
SMF2 0006220201 2ME2PL - 38.363 0.1213 (0.63%) 1.3439 0.9938 48.16317  2891.792482
0653870201 48.48L4° 30.923810 0
0653870301 49,5897 33.063877 1.1e-13
0653870401 46.285 33.163552
0653870501 46.5%%2 30.993¢4
0653870601 37.0402 23.42318
NGC 4698
Ind 0112551101 PL 0.G¢83 - - 2,163 - - 16.1211
2PL - 7.45735 - 24850 0.2¢23 0.78;33 8.0%9
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Table A.2: (Cont.)

Analysis ObsID Model NH1 NH2 kT T Normy Norm, x?/d.o.f
keV (104 (104 F-test
©) @ ® @ ®) O @ ®) ©) (10)
Ind 0651360401* 2PL - 11482 - 21327 0.2223 0.74%2 75.7053
SMFO Al 2PL - 9.84424 2133 0.2233 0.7¢437 92.7370
NGC 5194
Ind 1622 ME2PL  0.0325  10.420005 0.641° 26891 0.033 0.2249363 10.388
Ind 3932 ME2PL  0.093°  36.1332%° 0.660%2 2.32%8 0.08%2 0.9%%57 35.9327
Ind 13813 ME2PL - 60.38%37 0.64%¢ 1.92219 0.060.%8 0.9¢32 62.1670
Ind 13812 ME2PL  0.1428 24532381 0.65288 3.04381 0.0824 1.9158° 83.0665
Ind 13814+ ME2PL  0.0638  41.08552 0.658¢ 2.523%9 0.08%3 1.98% 87.1268
Ind 13815 ME2PL  0.03%  70.9%82° 0.67%2 24670 0.09%8 3.4¢ %8 20.0031
Ind 13816 ME2PL  0.088%  152.2120129 0.64% 2.06338 0.06099 11.585%47 55.5529
Ind 0112840201 2ME2PL  0.88F  12.08%7 0191 (0.65H  2.88%8 0.7¢¢34 8.69453 177.67207
SMFO Al ME2PL  0.0§%5  48.643%0 0.64% 2.1£&%+  0.08% 1.038 448.67358
MARK 268
Ind 0554500701 2PL 0.98;  35.233%° - 24828 04755 91.332%21 12.0717
ME2PL  0.13[5  31.8835%2 057588 21897 0.1572 42961287 6.5215
Ind 0554501101* ME2PL  0.G8S  34.2831¢ 0.81283 1769 0.2230 11.849%8 104.4499
SMFO Al ME2PL  0.02%  33.65/32 0.7¢08 1.78% 0.243% 20.829%2  124.87124
MARK 273
Ind 0101640401* ME2PL - 58.4832 0.6%%1 1.989% 0.27%34 6.1$71 81.6164
2ME2PL - 59.94342  0.2¢)42(0.7458 1.6653 0.193% 3.7828 77.5362
Ind 809 2ME2PL 04210 451£23 0.0418 (0.8123% 236097 026070 20.7¢% 56.0758
SMF1 0101640401 2ME2PL - 78855 0.0132° (0.8¢).59 1.334¢ 0.1212 2.86:8° 193.34131
809 38.433%
Circinus
Ind 365 2ME2PL - 60.0%418 1.0 (0.44) 0.9¢ 23 2485 14.18%3° 130.4358
Ind 9140* 2ME2PL - 41.3%73 0.0%333 (0.783.%% 1.0¢39 2,762 1334857 965.62397
Ind 10937 2ME2PL - 54,072 0.0% (0.7 0.8¢%% 22893 1515128 476.34198
Ind 0111240101*  2ME2PL - 39.3322 0.1813 (0.59%Y 1.3538 1469580 1453597 2661.991584
Ind 0656580601 2ME2PL - 469825 0.0232(0.6108) 13133 9.43%%  40.0857%  2193.021090
SMFO All (Chandra) ~ 2ME2PL - 30.7¢517  0.142227(0.7208Y  0.6353+1  1.86223 5.70;:2 1114.28673
SMF2 0111240101 2ME2PL - 42487 0.10%2(0.6283 1.3437 1438958 1579783 4410.832682
0656580601 9.4837>  22.93231 1.2e-255
1.8e-13
NGC 5643
Ind 0140950101 2ME2PL - 87.84L88  0.1615 (0.68%)  0.9%42 0.243% 1.9¢519%8 35.9946
Ind 0601420101*  2ME2PL - 35.5%%° 0.0932 (0.5953 1.5852 0.41283 2853 184.97139
SMFO All 2ME2PL - 4465808 011033 (0.6108H 13242+ 04332 2.269 245.69197
MARK 477
Ind 0651100301*  2ME2PL - 25582 0.1813 (0.59 72 1.1448 0.2123¢ 2.8%%0 55.9663
Ind 0651100401 2ME2PL - 20926 0aBY (05§ 1549 0.2603° 8.42L878 50.9060
SMFO All 2ME2PL - 277618 0.15837(0.600%%)  1.30158+  0.3H3¢ 4888 122.47135
IC4518A
Ind 0401790901 ME2PL - 228555 0.6 1.9482 0.2832 2318878 84.8284
2ME2PL 05§82 2192848 0.1§22(0.752) 1723 0.2378 15.0583° 69.7182
Ind 0406410101*  2ME2PL - 24655 0092l (0.69%) 147472 0.2833 6.05.%¢2 169.18161
SMF1 0401790901 2ME2PL - 222882 0.1622(0.687%  1.50479 0.27%332 10.243%8  258.87254
0406410101 5.92% 5.2e-26
ESO 138-G01
Ind 0405380201* ME2PL - 31.45%8 0.71378 2.3839 1.70-58 38.748%1  287.95174
Ind 0690580101 ME2PL - 25.8883 0.7138 26672 17609 49,9452 211.76126
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Table A.2: (Cont.)
Analysis ObsID Model NH1 NH2 kT T Normy Norm, x?/d.o.f
keV (104 (104 F-test
©) @ ® @ ®) O @ ® ©) (10)
SMFO Al ME2PL - 29.8322¢ 0.718% 24230+ 1.85358 43.3811%  521.97310
NGC 6300
Ind 10292* 2PL 0.0p2  14.06337 - 0.772%3 0.121¢ 175831  145.67131
Ind 10293 2PL - 19.8817 - 1.48-89 01317 76.6913%  130.28121
Ind 0059770101 2PL - 25.43%2 - 2195 0.0252 5.6438° 29.2635
SMFO All 2PL - 16.44755 - 1.02:28 0.131 327611 304.19260
NGC 7172
Ind 0147920601 ME2PL  0.885 8.4581 0.3857 1.524%8 0.23933 61.1§378  655.26682
Ind 0202860101 ME2PL - 8.952 0.2¢% 1.56-82 0.3@34 57.43%7%  943.471046
Ind 0414580101* ME2PL - 8.940 0.283%% 1.65-88 0303  152.9G5%22 1482.811454
SMF1 0147920601 ME2PL - 8.45¢ 0.263% 1.61483 0.3¢32 7073332 3198.233200
0202860101 66.95530 0
0414580101 145.443281
NGC 7212
Ind 0200430201*  2ME2PL - 11888877  0.1629 (0.66378 0.64%% 0.19% 1.4553 57.7746
Ind 4078 2ME2PL - 34 54§32 0.01083 (0.4953 1.22:% 0.19% 2.6653 45.1919
SMFO All(+ring) 2ME2PL - 81.6%24%  01237(05%%5) 08072+ 01754 1.4332%2 106.3477
NGC 7319
Ind 789 ME2PL - 39.14342 0.88%3 1.2¢2 0.081d 4.4%25%1 47.44%31
Ind 7924* ME2PL - 46.0639% 0.6523 2.082%3 0.1422  40.653%  187.453141
Ind 0021140201 2ME2PL - 51.8852 0.16)2% (0.6 1.35:83 0.1278 7.173% 263.86213
SMF2 789 ME2PL 06832  46.87270 0.679%2 2.032 01922 41.727542  240.07193
7924 - 67.8735359 1.5e-18
1.3e-9

Notes.(Col. 1) kind of analysis performed, where Ind refers to thaividual fitting of the observation, SMFO is the simultanso
fit without varying parametes, SMF1 the simultaneous fit vayyone parameter, and SMF2 the simultaneous fit varying t&vo p
rameters, (Col. 2) obsID, where the * represents the datatbaised as a reference model for the simultaneous fit, 8Lbést-fit
model, (Col. 4, 5, 6, 7, 8, and 9) parameters in the model, @KNgrare in units of 1&?cm2, and (Col. 10)?/d.o.f, and in SMFx
(where x= 1,2), the result of the F-test is presented in the second line

T The spectral index at hard energies is reported in Table@&.Cémpton-thick candidates.

Table A.3: X-ray luminosities.

Individual Simultaneous
Name Satellite ObsID log(L(0.5-2 keV))  log(L(2-10 keV)) gih(0.5-2 keV))  log(L(2-10 keV))
@ @ ®) ) ®) (®) @
MARK348  XMM-Newton 0067540201 43,6303 43.4134 43.013%2 43.4¢341
XMM-Newton 0701180101 42 4550 42.842% 4250252 42.9¢42%
NGC424  XMM-Newton 0002942301 417802 42.052% 41.74178 41.871%2
XMM-Newton 0550950101 41.85° 42,0021
Chandra (2”) 3146 42.092%8 419513 41.74178 41.8418
Chandra (20”) 3146 4204254 41.942%
MARK573  Chandra (2”) 7745 42.092%8 4164170 4165172 415415
Chandra (20") 7745 42192 41.87,1%
Chandra 13124 41.941%8 41.7318 416417 415415
XMM-Newton 0200430701 42,582 416318
NGC788  XMM-Newton 0601740201 42,582 4267370 42.11321 42637256
Chandra (3”) 11680 4174174 425427 4211521 42597282
Chandra (20”) 11680 41.8418 42.7G28%2
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Table A.3: (Cont.)

Individual Simultaneous
Name Satellite ObsID log(L(0.5-2 keV)) log(L(2-10 keV)) di(0.5-2 keV)) log(L(2-10 keV))
@ &) & @ ®) ©®) @
ES0417-G06 XMM-Newton 0602560201 42 4266 42.502%2 42.4655° 42.5042%2
XMM-Newton 0602560301 425044 4251253 42.462%2 4250252

MARK 1066 ~ XMM-Newton 0201770201 417482 41.75180 41.4¢142 41.441%3
Chandra (3") 4075 41.68-1° 4155173 41344 41.421%
Chandra (20”) 4075 41.9¢137 41.02113

3C98.0 XMM-Newton 0064600101 43,288 4293232 43.143% 4292235
XMM-Newton 0064600301 43 4329 42685704 43.12323 4268572
Chandra (2”) 10234 4261550 42.614579
Chandra (20”) 10234 4284231 4264378

MARK 3 XMM-Newton 0111220201 42,2580 42.86281 42.352% 42.87,2%8
XMM-Newton 0009220601 4243517 4273217 42,2422 4274278
XMM-Newton 0009220701 42,4805 426627 4222223 42.73218
XMM-Newton 0009220901 41.783 42.5%2% 42.232%% 4274275
XMM-Newton 0009220401 42 641 4272218 4221522 427142704
XMM-Newton 0009220501 424312 4265258 4222222 4272218
XMM-Newton 0009221601 42,087 427231 42,2422 42.7¢37%

MARK 1210 Chandra 4875 42,2452 42.692% 421922 4267378

Chandra 9264 42.3¢3%° 42.87,2% 42.442% 4288231
Chandra 9265 42.88%1 43.0231° 4241243 42.9¢}233
Chandra 9266 41.43132 42,6282 42.3323¢ 42811284
Chandra 9268 425355 4277333 4222224 42,7050

NGC3079  Chandra(4”) 2038 39.582°1 39.88399
Chandra (25") 2038 40.03329 40.07%039
XMM-Newton 0110930201 39.880 40.08219

IC 2560 XMM-Newton 0203890101 40.4%73 41.1214 40.572%8 41.05319%8
Chandra (3”) 4908 40.480%3 40.95102 4056037 41.041%¢
Chandra (20") 4908 40.61,087 41.05598

NGC3393  Chandra(5”) 4868 41.631 41.24119 41.641%° 41.24132
Chandra (20”) 4868 4154181 41.2813¢

Chandra 12290 41.6587 41.24153 41.6415 41.24132
XMM-Newton 0140950601 413832 41.253%

NGC4507  XMM-Newton 0006220201 42793 43.12313 42,5525 43.0539%
XMM-Newton 0653870201 42431 4282283 41.14120 42.3423°
XMM-Newton 0653870301 42371 4287288 42.4¢240 42.9¢231
XMM-Newton 0653870401 42,055 4281282 41.0619° 423923
XMM-Newton 0653870501 42371 4284285 41.147129 42.35237
XMM-Newton 0653870601 41659 4263272 4114128 4233231
Chandra (2”) 12292 42.24223 4299739
Chandra (30”) 12292 4224228 43.07,3%2

NGC4698  XMM-Newton 0112551101 406863 39.9%2%% 40.14517 40.08522
XMM-Newton 0651360401 40.8%4 40.16322 40.142%7 40.08212

NGC5194 Chandra 1622 39.288% 38.88212 39.532%2 39.583%%
Chandra (2”) 3932 39.382% 39.28232 39.532% 39.582%2
Chandra (25”) 3932 40.2¢028 39.6437%

Chandra 13813 39.28027 39.34271 39.532% 39.583%¢

Chandra 13812 40.3303¢ 4039251 39.532% 39.582%2

Chandra 13814 39.5382 39.46956 39.5833 39.5E535¢

Chandra 13815 39.7%82 39.58579 39.532% 39.583%¢

Chandra 13816 40.3%03% 404325 39.532% 39.582%2
XMM-Newton 0112840201 39.4877 39.663q0¢
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Table A.3: (Cont.)

Individual Simultaneous
Name Satellite ObsID log(L(0.5-2 keV)) log(L(2-10 keV)) di(0.5-2 keV)) log(L(2-10 keV))
&) 2 3 4) ©) (6) 0
MARK 268  XMM-Newton 0554500701 41393 43.543%0 41.45148 42.92298
XMM—-Newton 0554501101 413942 43.423 41.27130 42.922%8
MARK 273  XMM-Newton 0101640401 424313 42.83287 41.404141 42.203224
Chandra (4”) 809 43.2¢32¢ 43.0g321 41.2¢130 423754
Chandra (20”) 809 42,9739 43.03312
Circinus Chandra 365 39.942%8 40.76,581 39.8G382 40.6¢081
Chandra 9140 40.08095 40.66}557 39.8G282 40.6¢281
Chandra (2”) 10937 39.98092 40.76278 39.8G382 40.6¢}582
Chandra (15”) 10937 40.3¢049 40.96}028
XMM-Newton 0111240101 40442 40.71072 40.5¢930 40.74071
XMM-Newton 0656580601 406863 40.83%81 40.532%2 40.76271
NGC5643  XMM—-Newton 0601420101 404253 40.84,088 40.44047 40.87;990
XMM-Newton 0140950101 40381 40.9810¢ 40.44547 40.87,590
MARK 477  XMM-Newton 0651100301 42,5285 43.06331 42.60582 43.1143%8
XMM-Newton 0651100401 42,887 43.2132, 42.60582 43.113%¢
IC4518A  XMM-Newton 0401790901 42,5385 42571539 4217512 4256533
XMM—-Newton 0406410101 419855 42.36238 41.951%7 42333236
ESO138-G01 XMM-Newton 0405380201 424383 421221 42233225 4211213
XMM-Newton 0690580101 42280 42.052%7 42.23;3%8 4211213
NGC6300  Chandra (2”) 10292 41.081° 41.92138 41.32149 41.93138
Chandra (20”) 10292 41,1130 41.96201
Chandra 10293 4164175 42.0%2%6 41.32149 41.95138
XMM-Newton 0059770101 404962 40.45048
NGC7172  XMM-Newton 0147920601 42,7882 42.67,2%8 42.35238 42.67,2%8
XMM—-Newton 0202860101 42 5852 42.66,58¢ 42.32%333 42.655%°
XMM-Newton 0414580101 42.655° 4298338 42.66,587 4298538
NGC7212  XMM-Newton 0200430201 41.658 42.582%2 41.81518 42.63358
Chandra (3") 4078 42.04208 42.483%8 41.8¢4184 4258728
Chandra (20”) 4078 42.062% 42.482%7
NGC 7319 Chandra 789 42.64274 42.822% 4288325 4287233
Chandra (3”) 7924 43.083%7 43.0g312 43.04312 43.04310
Chandra (20”) 7924 43.3§33% 43.15318
XMM-Newton 0021140201 42 482 425825

Notes.(Cols. 4 and 5) soft and hard intrinsic luminosities for indual fits; (Cols. 6 and 7) soft and hard intrinsic luminastfor
simultaneous fitting. Blanks mean observations that aresed for the simultaneous fittings.

Table A.4: Results for the best fit of the annular region (rimgChandra data, and the best fit obtained for the nucleuXM—
Newton data when the contribution from the annular regios reanoved.

Name (obsID) Region Model N, N2, kT r x? log(Lsoft) log(Lharg) ~ Cont.
(keV) (0.5-2keV) (2-10keV) %
@ @ ©) ) ®) ®) @ ®) ©) (10 11)
MARK 573 (7745) Ring* ME2PL 75.98%34 0.67315 3.86;,, 1.97 43.12 42.01 24
MARK 573 (0200430701)  Nucleus* 2ME2PL 9.82° 0181807485 3.083 086 41.88 41.34 -
MARK 1066 (4075) Ring* PL 0.233% - - 3.99%  1.40 39.65 39.26 8
MARK 1066 (0201770201) ~ Nucleus** ME2PL 0.  53.3219% 0.76087 2063 0.78 41.61 41.67 -
3C98.0 (10234) Ring* ME 15.2817 - 394, - 4.30 41.58 41.65 8
3C98.0 (0064600301) Nucleus*  MEPL  03% 6.9 75 0.1%2 0.9%% 0.72 42.93 42.67 -
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Table A.4: (Cont.)

Name (obsID) Region Model N&; N3, kT r x? log(Lsoft) log(Lharg)  Cont.
(keV) (0.5-2keV) (2-10keV) %
1) (2 3 4 5) (6) ) (8 9) (10) (11)
NGC 3079 (2038) Ring* MEPL 0.¢2¢ 0.0%33¢ 0.6559 21672 0.91 39.92 39.63 78
NGC 3079 (0110930201) Nucleus**  MEPL  0H& - 0.2328 1.243%  1.04 40.36 41.92 -
IC 2560 (4908) Ring* MEPL - 0.0Bk8 0.2941 0.8%%2 156 39.22 39.62 11
IC 2560 (0203890101) Nucleus**  2ME2PL - 33843 0.09% (0.6 1328 114 40.61 41.08 -
NGC 3393 (4868) Ring* MEPL  0.£%3 0.093 0.1931 29879 135 41.02 39.85 17
NGC 3393 (0140950601) Nucleus*  2ME2PL - 213888 00957 (059 1145 1.08 41.10 41.11 -
NGC 4507 (12292) Ring* ME2PL - 66.85° 0.787 2.4G47  1.40 40.48 41.44 13
NGC 4507 (0653870401) Nucleus**  2ME2PL - 3752 01817 (0.691) 05478 1.06 41.71 42.66 -
NGC 5194 (3932) Ring* ME2PL  0.P¢3 11.18361 0.52% 3.7¢90 134 40.74 39.69 91
7031 .18 0.54 .24
NGC 5194 (0112840201) Nucleus** 2ME2PL 3437  106.3329%6 0.19190.697% 3.443% 092 41.70 40.75 -
0. 317 .12 .63 .37
MARK 273 (809) Ring* MEPL 0.08%2 0.0 0.6 26659 1.27 41.05 40.78 31
MARK 273 (0101640401)  Nucleus*™ 2ME2PL - 55.%80:  0.2¢033(0.8¢4%) 1.3¢i 1.25 42.23 42.68 -
Circinus (10937) Ring* ME2PL - 123.38%2¢ 0.788 1.82% 1.05 40.18 40.30 28
Circinus (0656580601) Nucleus**  2ME2PL - 39Kz 0.053 (0588 14190 168 40.49 40.72 -
NGC 6300 (10292) Ring* ME 56.232° - 0.7¢59%3 - 2.00 40.00 40.74 5
NGC 6300 (0059770101) Nucleus** 2PL - 32448 - 252%  0.85 40.84 40.58 -
NGC 7212 (4078) Ring* PL 0.2 - - 211288 3.08 40.57 40.91 16
NGC 7212 (0200430201) Nucleus** 2ME2PL - 1213381 017222 (0.6728% 0.30% 1.25 41.66 42.72 -
49. 011 0.58 0.10
NGC 7319 (7924) Ring* ME2PL - 53.38% 0.6105 3348  0.68 42.72 41.93 17
NGC 7319 (0021140201) Nucleus**  2ME2PL - 49 0.39160.7982)  0.9P61 1.23 41.75 42.78 -
56.28 .41 .84 .23

Notes(Col. 1) name and obsID in parenthesis, (Col. 2) extractgiwne (Col. 3) best-fit model, (Cols. 4, 5, 6, 7, and 8) pararset
of the best-fit modeln units of 1G?cm™2.), (Cols. 9 and 10) soft and hard intrinsic luminositiesd é8ol. 11) the percentage of
the number counts contribution from the ring to the apertureChandra data in the 0.5-10.0 keV band.
*Spectral parameters of the annular regioChmandra data.
**Spectral parameters of the nuclear regiorkiMM-Newton data when the spectral parameters of the ring febamdra data are

included in the fit.
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Table A.5: Simultaneous fittings taking the contributioorfrthe annular region given in Table A.4 into account.

ObsID Nu1 NH2 kT r Normy Normy Y?/d.o.f log(Leoit) 109(Lhard)

(10%2cm™2)  (10%2cm?) (keV) (10%) (104 (0.5-2keV) (2-10 keV)

@) @ ® 4 ®) (®) @ ®) ©) (10)
NGC 424

94 0.10 0.73 .15 0.88 311 176 192

0002942301 - 24.44% 009210067573 18213 07208  6.70131' 13897103  41.74178 4187132

3146 T4l asgiy
NGC 788

135 0.12 0.75 151 041 2051 4217 4266

0601740201 - 46.63%3% 011032078975 1.28131 0.35041 12.432051  262.36205 42113217 42.6373%8

11680 42113210 42599282
MARK 573

26 0.15 0.76 291 .02 0.59 176 4148

0200430701 - 11.432 0.1221%(0.787%) 26723 00292 05105  198.73171 4175176 41413148

7745 417158 4144150
MARK 1066

4 7504 .79 .36 .71 25.58 142 153

0201770201 0.1%3 82.247%3 0.68075 2.02% 053 718353 96.1¥69  41.4¢riz 41.447%3

4075 413915 414715
3C98.0

1 /.46 .28 .16 356 .02 258 2.69

0064600301  0.4f1 6.14;:38 0.17228 0.8815  9.853 1.259%2 946773  42.4%3%% 42,6425

10234 42.442% 425928
IC 2560

.74 0.09 0.62 152 .15 .14 0.58 4108

0203890101 - 31.427%  0.0959°(0.60082) 128132 01215 06735  387.63309 405793  41.05;198

057 104

4908 4056237 41.051%
NGC 3393

.98 0.12 .61 272 .45 .61 148 4132

0140950601 - 32.8%28 010322 (0.588) 229272 0353 2388 167.03141 414418 41267132

4868 41533157 42765382
NGC 4507

59 .17 .76 .79 .62 .45 4182 2.74

0653870401 - 41.78% 018170748 o6l 0568 6283 78458659 41813182 4273274

12292 13.3g8782 4207298 42.942%
NGC 5194

7 25561 0.02 .68 3.60 0.20 11402 0.03 39.62

0112840201 0.4,  197.2033%5'  0.02592 (0.65%5)  3.46350  0.16029 41753892 32254202  40.035%3  39.5932%2

9.75 39.24

3932 39.8427°  39.18332¢
MARK 273

.96 0.15 .99 46 .19 .85 141 42.24

0101640401 - 78.68%  o0.021°0.8gs 13346 0151 2888 19334131 41404l 4220322

809 38.433% 41213 4237231
NGC 6300

30 .33 0.01 .94 9.66 027

0059770101 - 16.9§32 1023 00801 0583 22153172 395598  40.23%%7

10292 0181  37.781% 41.3313% 4197259
NGC 7212

96 . .66 .0 .2 292 8 2.69

0200430201 - 8LE7%% 01217059 0.8012% 017521 1.432%  106.3477  41.81318%  42.6372%0

4078 41.8¢4183 42585287
NGC 7319

72 .65 .85 .17 4.84 2.25 4253

0021140201 45.9812 0.658 16885 01801 1015484 613.13364  42.2§225 42514233

7924 35.6555¢ 427728 43.023%

Notes.(Col. 1) name and obsID in parenthesis, (Cols. 2, 3, 4, 5, &, 7aparameters of the best-fit model, (Col8)d.o.f, and

(Cols. 9 and 10) soft and hard intrinsic luminosities.
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Fig. A.1: For each object, (top): simultaneous fit compafigndra and XMM—Newton spectra; (from second row on): residuals
in units ofo. The legends contain the date (in the format yyyymmdd) ardthsID. The observations used for comparisons are
marked withc in Table A.1.
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Fig. A.2: X-ray intrinsic luminosities calculated for thefs (0.5-2.0 keV, green triangles) and hard (2.0-10.0 keW, aircles)
energies in the simultaneous fitting, only for the varialiigeots, wherChandra andXMM—Newton data are compared.

Table A.6: Statistics of the light curves.

Name ObsID Energy x2/d.o.f  Prob.(%) Zys <oZys >
(1) (2 (3 4 (5) (6) (7
NGC 424 0550950101 0.5-10 (1) 4310 84 <0.0026 <0.0020
05-10(2)  13.080 1 <0.0031
0.5-2 (1) 38.%40 48 <0.0034 <0.0027
052(2) 17.80 3 <0.0041
2-10 (1) 33.40 22 <0.0102 <0.0077
2-10(2) 31830 62 <0.0116
MARK 573 7745 0.5-10 44/38 88 0.00410.0037
0.5-2 34.938 39 <0.0096
2-10 76.038 100 <0.0710
13124 0.5-10 56,40 95 <0.0108
0.5-2 46.940 79 <0.0122
2-10 50.740 88 <0.0900
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Table A.6: (Cont.)

Name ObsID Energy x?/d.o.f  Prob.(%) s <0Zys >
(1) (2) (3) 4) (5) (6) (7)
3C98.0 10234 0.5-10 172 2 <0.0157
0.5-2 32.331 60 <0.2035
2-10 17.931 3 <0.0169
IC 2560 0203890101 0.5-10 6240 99 0.0108 0.0043
0.5-2 44.%40 71 <0.0156
2-10 49.140 85 <0.0268
4908 0.5-10 48,/40 82 <0.0204
0.5-2 60.740 99 0.0172 0.0140
2-10 29.240 11 <0.0581
NGC 3393 12290 0.5-10 3040 13 <0.0109
0.5-2 31.240 16 <0.0127
2-10 42.240 62 <0.0724
NGC 4507 0006220201 0.5-10 389 77 <0.0007
0.5-2 25.730 31 <0.0031
2-10 36.430 81 <0.0009
12292 0.5-10 39/39 54 <0.0026
0.5-2 28.939 12 <0.0079
2-10 47.639 84 <0.0039
NGC5194 3932 0.5-10 5040 88 <0.0311
0.5-2 50.(40 87 <0.0364
2-10 42.040 62 <0.2008
13813 0.5-10 (1) 58/40 97 <0.0568 0.02090.0190
0.5-10 (2) 36.240 46 <0.0379
0.5-10 (3) 32.810 22 <0.0366
0.5-10 (4) 58.810 97 0.03350.0185
0.5-2 (1) 84.%40 100 0.05720.0330  0.03780.0289
052(2) 36.%0 37 <0.0454
052(3) 3L§0 18 <0.0435
0.5-2 (4) 60.940 98 0.02360.0217
2-10 (1) 28.140 18 <0.2318 <0.1218
2-10(2)  33.%40 26 <0.2203
2-10(3)  30.840 14 <0.2473
2-10 (4) 28.40 10 <0.2716
13812 0.5-10 (2) 48/20 84 <0.0401 <0.0227
0.5-10 (2) 37.810 43 <0.0382
0.5-10 (3) 44.610 72 <0.0398
0.5-2 (1) 44.810 72 <0.0485 <0.0273
052(2)  40.940 57 <0.0459
052(3)  40.%40 55 <0.0474
2-10 (1) 38.140 45 <0.2280 <0.1423
2-10(2)  26.%40 6 <0.2355
2-10(3)  24.]40 2 <0.2737
13814 0.5-10 (2) 54/80 94 <0.0440 <0.0208
0.5-10 (2) 36.810 39 <0.0400
0.5-10(3) 3140 17 <0.0403
0.5-10 (4)  60.140 08 <0.0422
0.5-2 (1) 44,540 71 <0.0525 0.01960.0170
052(2) 49.040 84 <0.0497
0.5-2 (3) 32.740 21 <0.0491
0.5-2 (4) 70.%40 100 0.03100.0222
2-10 (1) 23.940 2 <0.3524 <0.1471
2-10 (2) 22.740 1 <0.2235
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Table A.6: (Cont.)

Name ObsID Energy x?/d.o.f  Prob.(%) s <0Zys >
(1) (2) (3) 4) (5) (6) (7)
2-10 (3) 28.440 8 <0.2553
2-10(4)  24.840 3 <0.3271
13815 0.5-10 2780 7 <0.0351
0.5-2 25.140 3 <0.0418
2-10 19.440 1 <0.2777
13816 0.5-10 40/40 53 <0.0391
0.5-2 40.340 55 <0.0463
2-10 28.940 10 <0.2729
MARK 273 809 0.5-10 7180 100 <0.0155
0.5-2 49.140 85 <0.0287
2-10 60.240 98 <0.0337
Circinus 9140 0.5-10 48/00 82 <0.0019
0.5-2 32.640 21 <0.0075
2-10 45.940 74 <0.0025
NGC 7319 7924 0.5-10 (1) 308 13 <0.0135 <0.0093
0.5-10 (2) 23.810 2 <0.0127
0.5-2 (1) 48.740 84 <0.0644 <0.0451
0.5-2 (2) 69.440 99 <0.0632
2-10 (1) 37.240 40 <0.0170 <0.0116
2-10(2)  29.%40 11 <0.0158
0021140201 0.5-10 2231 16 <0.0051
0.5-2 24.131 19 <0.0121
2-10 17.331 2 <0.0089

Notes.(Col. 1) name, (Col. 2) obsID, (Col. 3) energy band in keV,I6Cd and 5)?/d.o.f and the probability of being variable in
the 0.5-10.0 keV energy band of the total light curve, (Cph@&malized excess varianczaaxs, and (Col. 8) the mean value of the
normalized excess varianee,crﬁ><S >, for each light curve and energy band.

Table A.7: Classification of Compton-thick objects.

Name ObsID r EW Fx/Fronn Refl CT? Classification I'hard
(keV) [oiy
@) @ @ ) ®) © O ®) ©
MARK348 0067540201 1.73%0  0.060%7 30.00 1 O | Compton-thin
0701180101 15373 0.19% 9.06 0
NGC424 0002942301 1.6%  0.992 1.84 2 O | Compton-thick 05455
0550950101  0.1837  0.8%%3 1.81 0
3146 0.0¢t%  0.5817 1.46 0
MARK573 7745 017t 2178 0.49 3 O | Compton-thick 0523
13124 0.8§% 2.0%33 0.41 0
NGC788 0601740201 158 0432 34175 2 O | Compton-thin
11680 1.02%7 01822  284.26 0
ESO417-G06 0602560201 1.669 0.1833%  268.01 4 0O | Compton-thin
0602560301 1737 0.37033  268.01 O
MARK1066 0201770201 0.4p57  0.6(% 0.37 3 O | Compton-thick 03578
3C98.0 ooe4600101 1.3£7  <0.07 10.0 5 O | Compton-thin
0064600301  1.413  <0.38 5.89 0
10234 0.6335 0.1627 5.01 0
MARK3 0111220201  0.0§2%  0.5538 0.33 1 O | Compton-thick  0.4252
0009220601  0.3§87  0.6772 0.24 0
0009220701  0.0833  0.6¢73 0.21 0
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Table A.7: (Cont.)

Name ObsID r EW Fx/Froiin Refl CT? Classification T'hard
(keV) [o111]
@ @ ® @ ®) ® O ® ©
0009220901  0.08%  0.4979 0.15 0
0009220401  0.0833 0.7 0.24 0
0009220501  0.083%  0.6373 0.20 0
0009221601  0.0§5%  1.1}3¢ 0.24 0
MARK1210 4875 13319 01322 2.97 1 O | Compton-thin
9264 0.8372  o.0g%2 4.49 0
. .19
9265 1.48% 0123 6.34 0
9266 2.08%  0.1¢28 2.41 0
9268 1.2497  0.162, 3.57 0
NGC3079 0110930201 1587 <0.26 0.31 1 O | Compton-thin
IC2560 0203890101  0.2%5%  1.959% 7.30 2 0O | Compton-thick  0.643)
4908 <077 1.2% 4.94 0
NGC3393 12290 0.55%% 18322 0.22 1 0 | Compton-thick — 0.429%
0140950601  0.9%%9  1.41-78 0.18 0
NGC4507 0006220201 1.¥¥  0.2¢22 33.08 1 O | Compton-thin
0653870201  1.442  0.4447 16.58 0
0653870301  1.365  0.3§32 18.60 0
0653870401 0.5  0.4639 16.20 0
0653870501  1.G37  0.4¢39 17.36 0
0653870601  0.18  0.4353 10.22 0
12292 0.832,  0.3¢)30 24.52 0
NGC4698 0651360401 0.9  <0.46 9.23 6 0 | Compton-thin
NGC5194 13812 0.032l 2752 1.47 1 O | Compton-thick 05774
13813 0.0255  4.1658 0.13 0
13814 0.1225 44513 0.17 0
0112840201 21823  0.9923 0.27 0
MARK268 0554500701 1.88%  <0.17 462.73 7 O | Compton-thin
0554501101 1738 0233  351.01 0
MARK273 0101640401 0.0335 0.87%2 2.75 1 O | Changing-look?
809 1.647  0.210%2 4.67 0
Circinus 365 0.0§28 23883 0.39 1 ] Compton-thick ~ 0.0837
9140 0183 1.90:37 0.31 0
10937 0.08%% 1738 0.39 0
0111240101  1.0333  1.543¢ 0.35 0
0656580601  0.48%% 15054 0.46 0
NGC5643 0601420101 0.¢4%  1.3%A38 0.29 1 O | Compton-thick 0.84738
0140950101 0.0§7 1.37%8S 0.37 0
MARK477 0651100301 0.93% 0.3233 0.32 1 O | Compton-thick — 1.0%58
0651100401  0.8%3%  0.132} 0.45 0
IC4518A 0401790901 1.745  0.33942 - - O | Compton-thin
0406410101  1.2¥8%  0.4833 0
ESO138-G01 0405380201 0.8  0.9¢,% 23.10 2 O | Compton-thick — 1.04;35
0690580101  0.9%&  1.3148 19.67 0
NGC6300 10292 0535 <0.08 361.27 2 O | Compton-thin
10293 1128 <0.08 444.46 0
0059770101 15531  0.2333 12.24 0
NGC7172 0147920601 1.6f3 0.2  853.54 1 O | Compton-thin
0202860101 15857 0.09g7  834.12 0
0414580101 1738 0.084%  1742.72 0
NGC7212 0200430201  O.@&S 0.7 3.83 2 O | Compton-thick  0.3&%
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Table A.7: (Cont.)

Name ObsID r EW Fx/Froiin Refl CT? Classification T'hard
(keV) [oi
@ @ ® @) ®) & O ®) ©
4078 0.0¢82 1.0¢3 3.04 0
NGC7319 789 1.8 02334 38.69 1 0O | Changing-look?
7924 1.8¢%  0.2323 82.73 0
0021140201  0.285>  0.839%3 22.26 0

Notes.(Col. 1) name, (Col. 2) obsID, (Cols. 3 and 4) index of the polaer and the equivalent width of the FeKine from the
spectral fit (PL model) in the 3-10 keV energy band, (Col. &praetween the individual hard X-ray luminosity (from TalA.3)
and the extinction-corrected [O I11] fluxes, (Col. 6) refeces for the measure 60117, (Col. 7) classification from the individual
observation, (Col. 8) classification of the object, and (@pklope of the power law at hard energies for Compton-tbaididates
from the simultaneous analysis (see Sect. 4.5). ReferefigdBassani et al. (1999); (2) Gu et al. (2006); (3) Bian & @0q7); (4)
Kraemer et al. (2011); (5) Noguchi et al. (2009); (6) Pan&sBassani (2002); and (7) Koski (1978).
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Appendix B: Notes and comparisons with previous It was observed twice witKMM—Newton in 2008 and 2011,

results for individual objects and once withChandra in 2002. Matt et al. (2003) studied

) . . o XMM-Newton andChandra data from 2001 and 2002. Both

In this appendix we discuss the general characteristich®f §pectra were fitted with a model consisting on two power laws,
galaxies in our sample atfierent wavelengths, as well as coma cold reflection component (PEXRAV), and narrow Gaussian
parisons with previous variability studies. We recall thatg- |ines. They report the same luminosity for the two spectra,
term UV variability and short-term X-ray variations weradied |og(L(2-10 keV)) = 41.68, indicating no variations. LaMassa
only for some sources (six and ten sources, see Tables 1 &nd 8¢ 3|, (2011) studied the same data set. They foundffierdnces
respectively), so comparisons are only made in those CBees. petween the spectra and therefore fitted the data simultafyeo
the remaining objects, results from other authors are meed, ith a simpler model, the 2PL. They estimated an intrinsiiu

when available. nosity of log(L(2-10 keV))= 41.56[41.39-41.75]. With the same
data set, we did not find variations and obtained similar ard
Appendix B.1: MARK 348 ray luminosities (41.85[41.79-41.92]).

We did not find short-term variations from th&MM—
MARK 348, also called NGC 262, is an interacting galaxy (withewton light curve from 2008.
NGC 266, Pogge & Eskridge 1993). It was optically classified
as a Seyfert 2 (Koski 1978), while it shows broad lines in pola )
ized light (Miller & Goodrich 1990). It shows a spiral nuctea”APPendix B.3: MARK 573

structure (seiST image in Appendix C.1)VLBI observations MARK 573 (also called UCG 1214) is a double-barred galaxy

showed a compact radio core and jets structure at radiodrequthat shows dust lanes (Martini et al. 2001, see also Appendix

cies and revealed variations on timescales from monthsetusyec_l)_ It was optically classified as a Seyfert 2 galaxy ((sterk

at6 and 21 cm (N & de Bruyn 1983). Th&XMM-Newton im- g Martel 1993). Observations at 6 cm witfLA showed a triple

age shows that the soft X-ray emission is very weak in thistbj radio source (Ulvestad & Wilson 1984). A point-like sourse i

(see Appendix C.1), which was classified as a Compton-thin thserved in hard X-rays, while extended emission can be ob-

ject (e.g., Awaki et al. 2006). _ served in soft X-rays, aligned with the bars (see Append).C.
This galaxy was observed twice wiKMM-Newton in 2002 |t was classified as a Compton-thick candidate (Guainazli et

and 2013 and once withandra in 2010. Recently, March- 2005b7 Bianchi et al. 2010, Severgnini et al. 2012)

ese et al. (2014) have compadslM—Newton andSuzaku data  This galaxy was observed four times wihandra between

from 2002 and 2008. They fitted the data with a power law comgpe and 2010, and once wi¥MM—Newton in 2004. Bianchi

ponent transmitted through three absorbers (one neutlahen et a1, (2010) analyzed thehandra data from 2006 and did not

ionized), obtaining intrinsic luminosities of log(L(2-¥&V)) report flux variations when they compared their results wWith

= 43.50 and 43.51, respectively. They reported variations @halysis of Guainazzi et al. (2005b) of tkIM—Newton spec-

tributed to changes in the column density of the neutral afgym from 2004. Paggi et al. (2012) studied the f@nandra

one of the ionized absorbers, together with a variation & tpservations, and fitted the nuclear spectrum with a cortibima

ionization level of the same absorber, on timescales of h®ntof 4 two-phased photoionized plasma plus a Compton refrectio

They did not report variations ifi andor the continuum of the component (PEXRAV), reporting soft X-ray flux variations at

power law. Variations in the absorbing material on timessal of confidence level that they attributed to intrinsic vadas

of weekgmonths were also reported by Smith et al. (2001) ugf the source. We did not detect variations for this source, t

ing RXTE data from 1996-97, but accompanied with continuugfiference most probably because we did not use two of these

variations on timescales of 1 day. They obtained luminositieSgpservations since they arffected by a pileup fraction greater

in the range log(L(2—-10 keV)} [42.90-43.53]. These resultsithan 10%.

agreed with those later reported by Akylas et al. (2002), wifto Ramos Almeida et al. (2008) analyzed tK&IM—Newton

alyzed the same observations plusR28TE observations. Our |ight curve and found variations ef 300 s. They argue that this

analysis shows that variations between the ¥M—-Newton s an obscured narrow-line Seyfert 1 galaxy instead of a&seyf

observations are due to changes in the nuclear continuum, Plhased on near-IR data. We analyzed @mandra light curves
variations in the absorbing material are not required. &85 pyt variations were not found.

ferences may be related to thefdrent instruments involved in
the analyses. _
Awaki et al. (2006) did not find short-term variations fromf\ppendix B.4: NGC 788

the analysis of th&«MM-Newton data from 2002. This galaxy was optically classified as a Seyfert 2 by Huchra

In the 14-195 keV energy band, Soldi et al. (2014) esliy 5| “(1982). A radio counterpart was detected WithA data
mated a variability amplitude of 25[22-28]% using data frihra (Naga(r et al). 1999). In X-raysf) it was classified as a Compton-

Swift/BAT 58-month survey. thin candidate usindA\SCA data (de Rosa et al. 2012), and it
shows a point-like source in the 4.5-8 keV energy band (see Ap
Appendix B.2: NGC 424 pendix C.1).

) -~ It was observed once witBhandra in 2009 and once with
NGC 424 was optically classified as a Seyfert 2 galaxy (SmighM—Newton in 2010. Long-term variability analyses of this
1975), and broad lines have been detected in polarized ligirce were not found in the literature. We did not find vaoiat
(Moran et al. 2000). At radio frequencies, it was observeith Wipetween the observations.
VLA at 6 and 20 cm, showing an extended structure (Ulvestad viariations in this source in the 14-195 keV energy band were
& Wilson 1989). A possible mid-IR variability was reporteyl b stydied by Soldi et al. (2014) using data from @vift/BAT 58-
Honig et al. (2012) between 2007 and 2009, but it could also Rfynth survey. They report an amplitude of the intrinsic afif
due to an “observational inaccuracy”. In X-rays, it is a Cempty of 15[11-19]%.

ton-thick source (Balokotiet al. 2014).
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Appendix B.5: ESO417-G06 perpendicular to the IR emission and a point-like sourceaat h

. . o . X-rays (see Appendix C.1). It is also a Compton-thick source
This galaxy was optically classified as a Seyfert 2 galaxy'avla(Bas)gargi et al.pf999; Gouk)jing etal. 2012), wﬁh a column-den

et al. 2003). A radio counterpart was observed WithA data ; 42 i i
(Nagar et al. 1999). It was classified as a Compton-thin ctatei ig)ég)f_ 11 10%cmr™* measured wittBeppoSAX (Cappi et al

(Trippe et al. 2011). It was observed 11 times wittMM—Newton between 2000
This galaxy was observed twice WIfM MJ.'\'e‘r’]Vtol.” in 20\2/9. and 2012, and once witBhandrain 2012. Bianchi et al. (2005b)
Long-term variability studies were notfound in the litenat. We - o4\ ariations of the normalization of the absorbed powe

found spectral variations due to changes in the absorberdt r\aw when comparing th¥MM—Newton from 2001 wittChan-
X-ray energies. . dra and BeppoSAX data. Guainazzi et al. (2012) studied the X-

Trippe et al. (2011) report short-term variations of a factq,,, \ariability of this nucleus during 12 years of obsenvas
of about two in the count rate in the light curves fr@mift/BAT with Chandra, XMM—Newton Suzaku, andSwift satellites. Their
during the 22-month survey. analysis was performed in the 4-10 keV energy band. To ettima

the luminosities, they fit a pure reflection model plus Gearssi
Appendix B.6: MARK 1066 lines to the spectra individually, and report a variabititgnam-
, . ical range greater than 70%. They also used alternative mod-

MARK 1066 is an early-type spiral galaxy (Afanas’ev et alg|s 1o fit the data, variations found independently of the ehod
1981) showing a double nucleus (Gimeno et al. 2004). It wgged. They estimated the shortest variability timescaleete
optically classified as a Seyfert 2 by Goodrich & Osterbrog gays from the measurement between two statisticallyninco
(1983), and broad lines were not detected in polarized (Gt  sistent measures. From our analysis, variations due to the n
& Huang 2002). A radio counterpart showing a jet was found Byear continuum were found, with an upper limit of the vaiiiab
Ulvestad & Wilson (1989). At X-rays, extended soft emissiofy timescale of about five months, thus in agreement with the
can be observed, aligned with a nuclear spiral structurerobd agits presented by Guainazzi et al. (2012).
at optical frequencies, also aligned with the IR emissicare(s_ Short-term variations frorXMM—Newton data were found
Appendix C.1). Levenson et a[i (20201) found this to be a Hgavhejther by Gonzalez-Martin & Vaughan (2012) nor by Cappi
obscured AGN, withNy > 10**cm™? and an equivalent width et 51, (2006) from light curves from 2000 and 2001, respebfiv
of the Fe line~ 3 keV usingROSAT andASCA data; i.e., itwas  go|dj et al. (2014) reported an amplitude of the intrinicivar
classified as a Compton-thick candidate. , ability of 35[26-46]% in the 14—195 keV energy band usingdat

The galaxy was observed once withandra in 2003 and from the Swift/BAT 58-month survey.
once withXMM—-Newton in 2005. Variability studies of this ob-

ject were not found in the literature. We did not find any X-ray )
variations either. Appendix B.9: MARK 1210

This galaxy, also called the Phoenix galaxy or UGC 4203, was

Appendix B.7: 3C 98.0 optically classified as a Seyfert 2 by Dessauges-Zavadshly et

) ) i . (2000). Broad lines have been observed in polarized ligimgus
Using the optical line measurements in Costero & OSterbr°§bectropolarimetric data (Tran et al. 1992; Tran 1995). FiBE
(1977), 3C98.0 can be optically classified as a Seyfert 2 (Sgfage shows a nuclear spiral structure (see Appendix C.1). A
an optical spectrum in Append_|x Cl).A nuclear core plus 16kry compact radio counterpart was found withA at 3.5 cm,
structure was observed at radio frequencies Wit (Leahy \yith no evidence of a jet structure (Falcke et al. 1998). At X-
etal. 1997). ) ] . rays, a point like source is observed in the 4.5-8.0 keV gnerg

It was observed twice witKMM-Newton in 2002 and 2003 pand (see Appendix C.1). It was classified as a Compton-thick
and once withChandra in 2008. Isobe et al. (2005) studied th@ andidate by Bassani et al. (1999). Furthermore, Guaiedzti
two XMM—-Newton data, and fitted its spectra with a thermal p|l(§002) classified this galaxy as a changing-look AGN because

a power-law model, reporting X-ray luminosities of 109(H2 transitions from Compton-thickASCA data) to Compton-thin
10 keV))= 42.90[42.88-42.93] and 42.66[42.60-42.71], respeggmM—Newton data) were found.

ti\(ely, indicating flux \{ar_iability. These measurementmwell MARK 1210 was observed withandra six times between
with ours, where variations due to the nuclear continuunmewesoo4 and 2008, and once w¥MM—Newton in 2001. Matt et al.
found. (2009) useduzaku data from 2007 to study this source (caught

XMM-Newton observation from 2003 and calculated a normglyns fromASCA andXMM—Newton. They fit the spectra with a
ized excess variance off s = 36[1- 62]x 10°%. We did not power law, a Compton reflection, and a thermal (MEKAL) com-

upper limits of ther{,s were calculated. factor of 2 higher inSuzaku data. They obtained intrinsic X-ray

~ We did not find any long-term UV variations in the UVW1jminosities of log(L(2—10 keV)} 42.87 and 43.04 foBuzaku

filter. andXMM—Newton data. Risaliti et al. (2010) simultaneously fit
the fiveChandra observations from 2008 using a model consist-

Appendix B.8: MARK 3 ing on a doubled temperature plus power law to account for the

soft energies, an absorbed power law, and a constant cadrefl
It was optically classified as a Seyfert 2 galaxy (Khachikiaion component (PEXRAV). They concluded that variatiorss ar
& Weedman 1974, see an optical spectrum in Appendix C.%¢und in both the intrinsic flux and in the absorbing column-de
Broad lines have been found in polarized light (Miller &sity. They reported a variability time scale-ofL5 days, whereby
Goodrich 1990). A high resolution image at 2 cm wihA they estimated the physical parameters of the absorbirgyiakt
data shows a double nucleus at radio frequencies (Ulvestad@ncluding that they are typical of the broad line region RBL
Wilson 1984). This galaxy shows extended soft X-ray emissiqheir result agrees well with ours.
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Awaki et al. (2006) studied short-term variations from th€ompton—thick object observed BgppoSAX (Ny > 107%cm™2,
XMM-Newton data and foune, ¢ = 5.5[0.0— 11.0] x 103.  Comastri 2004).

Soldi et al. (2014) used data from t®aift/BAT 58-month This galaxy was observed once wiIM—Newton in 2003
survey to account for the variability amplitud8,(= 24[15—- and six times withChandra between 2004 and 2012. Variability
32]%) in the 14-195 keV energy band. studies were not found in the literature. We did not find X-ray

variations, whether on the short or the long term.

Appendix B.10: NGC 3079
This galaxy was optically classified as a Seyfert 2 (Ho et é?p pendix B.13: NGC 4507

1997, based on the spectra presented in Appendix C.1). Brddm nucleus of this galaxy was optically classified as a Styfe
lines were not detected in polarized light (Gu & Huang 2002)(Corbett et al. 2002, see an optical spectrum in Appendix.C.
TheHST image shows dust lanes (Appendix C.1). A water masBroad lines have been detected in polarized light (Morar.et a
and parsec-scale jets were observed at radio frequencies ®D00). A radio counterpart was observed withA data (Mor-
VLBI (Trotter et al. 1998). The X-ray image in the 0.6-0.9 ke\ganti et al. 1999). In X-rays, it shows a point-like sourcé¢ha
energy band shows strondfiiise emission, while a point-like hard energy band (see Appendix C.1), and it is a Compton-thin
source is detected in the 4.5-8.0 keV energy band (see Aypurce (Bassani et al. 1999; Braito et al. 2013).

pendix C.1). It has been classified as a Compton-thick object NGC 4507 was observed six times wi¥MM—Newton be-
with BeppoSAX data (N\y = 10?°cm2, Comastri 2004) and evi- tween 2001 and 2010, and once withandra in 2010. Matt
dence was also found at lower energies (Cappi et al. 2006; Alet al. (2004) studiedChandra and XMM—Newton data from
las & Georgantopoulos 2009; Brightman & Nandra 2011a). 2001. They ft theXMM—Newton spectrum with a composite of

It was observed once witBhandra and once withXMM- two power laws, a Compton reflection component (PEXRAV),
Newton, both in 2001. We did not find variability studies ofth plus ten Gaussian lines, and tBkandra spectrum with a power
source in the literature. We did not study its variabilitchese law plus a Gaussian line (only in the 4—-8 keV spectral range).
the extranuclear emission €handra data was too high to prop- They found that the luminosity of thehandra data was about
erly compareXMM—-Newton andChandra observations. twice that ofXMM—-Newton. Marinucci et al. (2013) studied five

It is worth noting that NGC 3079 is classified as a Commbservations fronKMM—-Newton in 2010. They ft the spectra
ton-thin candidate in this work but it has been classified asadth two photoionized phases using Cloudy, a thermal compo-
Compton-thick candidate by Cappi et al. (2006) using theesament, an absorbed power law, and a reflection component. They
XMM-Newton observation. Since these data have the lowesport variations of the absorber on timescales betweerd1.5
signal-to-noise ratio, this mismatch is most probably du@t months. Braito et al. (2013) studigdiM—Newton,Suzaku, and
problem related to the sensitivity of the data, because e uBeppoSAX data spanning around ten years to study the X-ray
only data from the pn detector, while they combined pn, MOStariability of the nucleus. They ft the spectra with the midtat
and MOS2 data in their study; i.e., Cappi et al. (2006) dat@ habest represents ttfizaku data, composed of two power laws, a
a higher signal-to noise. We notice that cross-calibratiocer- PEXRAV component, and eight Gaussian lines, and found that
tainties between pn and MOS cameras may add systemativddations are mainly due to absorption but also due to the in
statistical uncertainties that can be misinterpreted asipte tensity of the continuum level. They also fit the spectra \iliih
intrinsic variability due to large error bars (Kirsch et aD04; wmytorus model? and obtained similar results, although the con-
Ishida et al. 2011; Tsujimoto et al. 2011), thus preventisg tinuum varied less. We found variations in the absorber had t
from doing a variability analysis. normalization of the power law, in agreement with the resioyt
Braito et al. (2013).

. i We did not find short-term variations from the analysis of
Appendix B.11: 1C 2560 oneXMM-Newton and anotheZhandra light curve.

This galaxy was optically classified as a Seyfert 2 (Faira86, Soldi et al. (2014) report an amplitude of the intrinsic vari

see an optical spectrum in Appendix C.1). In hard X-rays aility of 20[16-24]% in the 14195 keV energy band usingadat
shows a point-like source (see Appendix C.1). It was classififrom theSwift/BAT 58-month survey.

as a Compton-thick object (Balokdavet al. 2014).

IC 2560 was observed once wi¥MM—Newton in 2003 and
once withChandrain 2004. Variability studies were not found in
the literature. We do not report X-ray variations for thisisze, This galaxy was optically classified as a Seyfert 2 (Ho et al.
either at short or long term. 1997, see their spectra in Appendix C.1). Gonzalez-Mattah e
(2009Db) classified it as a LINER, but Bianchi et al. (2012) re-
. ) confirmed the Seyfert 2 classification using optical obséxa
Appendix B.12: NGC 3393 with the NOT/ALFOSGGr7. A radio counterpart was found by
NGC 3393 was optically classified as a Seyfert 2 (Diaz et &0 & Ulvestad (2001) at 6 cm witi'LA data. Georgantopoulos
1988, see an optical spectrum in Appendix C.1). A radio cou®-Zezas (2003) state that this is an atypical Seyfert 2 galaxy
terpart was found usingLA data, the galaxy showing a doubld>ecause it showed no absoption and lacks the broad line re-
structure (Morganti et al. 1999). THeST image shows a nu- gion. TheChandraimage revealed point-like sources around the
clear spiral structure aligned with the soft X-ray emissishere nucleus, which can be ultraluminous X-ray sources (ULXg, th
the spiral structure can also be appreciated; this emissiper- closest located at 30” from the nucleus. In X-rays, Gonzalez-
pendicular to the disk emission, observed at optical wangthes Martin et al. (2009b) classified it as an AGN candidate, and
and aligned with the IR emission (see Appendix C.1). A poinBianchi et al. (2012), based on the lbg(Lioi;) ratio, clas-
like source is observed at hard X-rays (see Appendix C.l§at sified it as a Compton-thick candidate.

Appendix B.14: NGC 4698

12 www.mytorus.com
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This galaxy was observed twice wiKMM—Newton in 2001 presented in Appendix C.1, together with 8T image which
and 2010, and once witBhandra in 2010. Bianchi et al. (2012) shows dust lane¥/ILBA observations showed a radio counterpart
compared theXMM—Newton spectra and did not find spectrale.g., Carilli & Taylor 2000). Extended emission to the $oist
variations, in agreement with the results reported by us. observed in soft X-rays, while it shows a point-like sourte a
We did not find any UV variations in the UVM2 filter. hard energies (Appendix C.1). It was classified as a Compton-
thick candidate (Teng et al. 2009).

: It was observed once witGhandra in 2000, and five times
Appendix B.15: NGC 5194 with XMM—Newton between 2002 and 2013. Balestra et al.
NGC 5194, also known as M 51, is interacting with NGC 519%2005) fit theChandra and XMM-Newton spectra with a com-
Optical and radio observations show extended emissiortseto posite of three thermal plus an absorbed PL components and
north and south of the nucleus, resulting from outflows geteer found similar spectral parameters, except in the value ef th
by the nuclear activity (Ford et al. 1985). The extended simis column densities (41[35-47] and 69[50-8&10°’cm 2, respec-
can be observed in soft X-ray energies (top-left image in Agively). This result is compatible with ours, witR, being re-
pendix C.1). Moreover, thelST image shows a dusty nuclearsponsible for the observed variations. In the same sensg, Te
spiral structure that can also be observed at IR frequefmées et al. (2009) studie@uzaku data from 2006 and found spectral
Appendix C.1). This galaxy was optically classified as a 8gyf variations when comparing witlthandra and XMM-Newton
2 (Ho et al. 1997, see their optical spectra in Appendix C.1data. They attributed the changes to the covering fracti¢gheo
Broad lines were not detected in polarized light (Gu & Huar@psorber.

2002). A point-like source is detected at hard X-ray energie We found no short-term variations from ti@handra light
(see Appendix C.1). Around the nucleus, it shows at leasirsegurve or UV variations from the UVW1 filter.
ultraluminous X-ray sources (ULX), the nearest one located
~ 28’ from the nucleus (Dewangan et al. 2005). It was cla:
sified as a Compton-thick source usiBgppoSAX data, with
Ny = 5.6 x 10%%cm™? (Comastri 2004, see also Terashima & was optically classified as a Seyfert 2 galaxy (Oliva et al.
Wilson 2001; Dewangan et al. 2005; Cappi et al. 2006). 1994), and it shows broad lines in polarized light (Oliva et a
This galaxy was observed ten times withandra between 1998). TheHST image shows dust lanes (Appendix CAJCA
2000 and 2012 and six times wikMM—Newton between 2003 observations show a radio counterpart, a water maser, ayel la
and 2011. LaMassa et al. (2011) studied thtlandra obser- radio lobes (Elmouttie et al. 1998). Circinus is a Comptoick
vations between 2000 and 2003. They simultaneously fit thesmirce (Bassani et al. 1999), which in fact was observesigpy
spectra with the ME2PL model, with spectral values in vergajo poSAX (Ny = 4.3 x 10%%cm 2, Matt et al. 1999).
agreement with our SMFO fitting and estimated a luminosity of This galaxy was observed eight times w@thandra between
log(L(2-10 keV))=38.95[38.42,39.45]. They did not report vari2000 and 2010, and twice wikMM—Newton in 2001 and 2014.
ability between the observations. This result agrees witls.o  The most comprehensive analysis of this source has recently
Fukazawa et al. (2001) did not find any short-term variabilitbeen done by Arévalo et al. (2014), who analyzed 26 obser-
from BeppoSAX data. We studied si€handra light curves and vations fromNuSTAR, Chandra, XMM—Newton,Swift, Suzaku,
did not find short-term variations either. andBeppoSAX satellites spanning 15 years and the energy range
UV variations were not detected from the UVW2 and UVM2-79 keV. They used fferent models to fit the data, based on
filters, but variations were found in the UVW1 filter. HoweyePEXMON, MyTorus, and Torus models (in XSPEC). Since dif-
since this is a Compton-thick source, variations are notetqul, ferent appertures were used for the analysis, they decentam
so it is most probable that the UV emission does not come framated the extranuclear emission. They conclude that the nu
the nucleus. Therefore the variations might be related,dth cleus did not show variations, in agreement with our restmv
example, circumnuclear star formation. comparingChandra data. Moreover, Arévalo et al. (2014) find
that extranuclear sources included in the larger apersinesed
. ) variations (an ultraluminous X-ray source and a supernewa r
Appendix B.16: MARK 268 nant), also in agreement with our results when compa(miyl—
This galaxy was optically classified as a Seyfert 2 by Komé&ssaNewton data, where the extranuclear sources were inclaehed,
Schulz (1997). A radio counterpart was detected Withh data We found variations in both the normalizations at soft andiha
at 6 cm with a weaker component 1.1 kpc away from the nuclegiergies.
(Ulvestad & Wilson 1984)XMM-Newton data show a compact ~We analysed on€handra light curves, but variations were
source at hard X-rays (see Appendix C.1) . not detected.
It was observed twice witKMM—Newton in 2008. Variabil- ~ The analysis of light curves from th@nift/BAT 58-month
ity studies were not found in the literature. We did not findva survey by Soldi et al. (2014) showed a small variability ampl
ations, but we notice that observations were obtained atgghr tude of 11[10-12]% in the 14-195 keV energy band.

§\'ppendix B.18: Circinus

by only two days.
filtetjsv variations are not found from the UVM2 and the UVWlAppendix B.19: NGC 5643

This galaxy was optically classified as a Seyfert 2 (Phikipal.

. ) 1983, see an optical spectrum in Appendix C.1), and broag lin
Appendix B.17: MARK273 were not detected in polarized light (Gu & Huang 2002). The
Also called UGC 8696, this galaxy is an ultraluminous inéchir HST image shows a nuclear spiral structure (see Appendix C.1).
galaxy with a double nucleus that was optically classifiech asVLA data show a nuclear counterpart alongside fainter features
LINER (Veilleux et al. 1995), but later reclassified as a ®etyf extending to the east and west at radio frequencies (Mdrak e

2 from better $\ data (Kim et al. 1998). Optical spectra ard 985). TheXMM—-Newton image shows a compact source at
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hard X-ray energies. This is a Compton-thick object obsgrvion-thick state witlRXTE in 1997 and in the Compton-thin state
with BeppoSAX (Ny > 10?°cm2, Comastri 2004). with BeppoSAX in 1999 (Guainazzi 2002).

It was observed twice witKMM—Newton in 2003 and 2009,  The galaxy was observed once wKMM—Newton in 2001
and once withChandra in 2004. Matt et al. (2013) analyzed theand five times withChandra during 2009. Guainazzi (2002)
two observations froXMM—Newton, who found that the specfound variations due to a fierence in the normalization of the
tra are reproduced well by reflection from warm and cold matt@ower law when comparinBeppoSAX and RXTE data. All the
The spectral parameters were consistent with the samesviaue observations analyzed in this work caught the object in lire t
the two observations. Thus, variations are not observedsd hstate. Variations in the normalizations at soft and hardges
results agree well with ours, where variations are not found were found when comparirghandra andXMM—Newton data.

Matsumoto et al. (2004) and Awaki et al. (2005, 2006) stud-
. ied the light curve fromXMM-Newton data and found rapid
Appendix B.20: MARK 477 variations?at hard energies. P
This object was classified as a Seyfert 2 (Veron et al. 1997), Variations in the 14-195 keV energy band were analyzed by
and broad lines have been detected in polarized light (Trah e Soldi et al. (2014) using data from tiSift/BAT 58-month sur-
1992; Tran 1995). ThEIST image reveals a structure around th¥ey, who estimated an intrinsic variability amplitude of 14
nucleus, which could be a spiral or a circumnuclear ring fgee  20]%.
pendix C.1). A nuclear counterpart was found at 6 cm u¥ing
data (Ulvestad & Wilson 1984). It was classified as a ComptoR- : )
thick candidate (Bassani et al. 1999). ﬁppendlx B.24: NGC 7172

The source was observed twice WiBBCA in December NGC 7172 is an early type galaxy located in the HCG 90 group,
1995; variations were not found when fitting a scattered powghich shows dust lanes (Sharples et al. 1984, see also Append

law plus a narrow line (Levenson et al. 2001). C.1). Optically classified as a Seyfert 2 (see an opticaltspec
It was observed twice wittkMM—Newton in 2010. We did in Appendix C.1), no broad lines have been observed in polar-
not find variations between these observations. ized light (Lumsden et al. 2001). A radio core was detectat wi

Kinney et al. (1991) studied UV variability of this source/LA data (Unger et al. 1987). At IR frequencies, Sharples et al.
with HST, but variations were not found. We did not find UM(1984) found variations on timescales of about three moiithes
flux variations from the UVW1 filter. nucleus of this galaxy is not detected at UV frequencies thi¢h
OM (see Table A.1). Even i€handra data are available for this
: ] source, they dtier from strong pileup. ThEMM—-Newton image
Appendix B.21: 1C4518A shows a compact source (see Appendix C.1).

This galaxy was optically classified as a Seyfert 2 galaxy(Za Guainazzi et al. (1998) first reported X-ray flux variations
et al. 2009). Th@MASSimage shows two interacting galaxiedn this source usindASCA data. They found short-term varia-
(see Appendix C.1). It is a Compton-thin source (Bassani. et #Bons (hours) from the analysis of a light curve from 1996 and
1999; de Rosa et al. 2008). long-term variations when comparing the flux of these dath wi

It was observed twice witKMM—Newton in 2006. Variabil- previous data from 1995, when it was about three times tgight
ity analyses were not found in the literature. However, corfRisaliti (2002) studied tw@eppoSAX observations taken in Oc-
paring the luminosities obtained by de Rosa et al. (2012) atdper 1996 and November 1997 and fit the data with an absorbed
Pereira-Santaella et al. (2011) of log(L(2-10 ke¥)}#2.60 and power law, a thermal component, a cold reflection, a warm re-
42.34 for the diferent spectra, their results are suggestive of flfection, and a narrow Gaussian line. They reported verylaimi
variability. In fact, these luminosities agreed with outimates. Spectral parameters for the two spectra.

Our analysis shows that this variability is related with tiuelear This galaxy was observed once witbhandra in 2000
continuum. and three times wittKMM—-Newton between 2002 and 2007.
LaMassa et al. (2011) analyzed tK®&M—Newton spectra by
) fitting the data with the ME2PL model and needed to fit the
Appendix B.22: ESO 138-G01 normalization of the power law independently. They report |

Alloin et al. (1992) optically classified this galaxy as a ey Mminosities of log(L(2-10 keV))= 42.96°0.03 (for the spectrum

2. It shows a jet-like morphology at radio frequencies (Mot from 2007) and 42.511).03 (for the other two spectra). These

et al. 1999). Th&KMM—Newton image shows a compact sourdésults agree well with our SMF1. _

at hard X-ray energies (see Appendix C.1). It was classifieal 2 AWaki et al. (2006) analyzed tiéMM—Newton light curve

Compton-thick candidate (Collinge & Brandt 2000). from 2002. They Q|d not find S|gr]|f|cant variability when com-

This galaxy was observed three times wXMM—Newton Puting the normalized excess variance.

in 2007 and 2013. Variability analyses were not found in the At higher energies, Beckmann et al. (2007) reported an

literature. We did not find any X-ray variations. intrinsic variability of Syc = 12:9% within 20 days using
Swift/BAT data, and using data from tHawift/BAT 58-month
survey, Soldi et al. (2014) report a variability amplitudé o

Appendix B.23: NGC 6300 28[25-31]%, both in the 14-195 keV energy band.

NGC 6300 is a barred spiral galaxy, whose Seyfert 2 classifica

tion at optical frequencies was derived from the data regiart  Appendix B.25: NGC 7212

Phillips et al. (1983). ThélST image shows dust lanes (see Ap-_ . o , , i ]

pendix C.1). A nuclear counterpart was found at radio freque! NiS galaxy is interacting with a companion (see ZWASSim-
cies, without any jet structure (Ryder et al. 1996). NGC 63@g€ in Appendix C.1). It was optically classified as a Seyfert

was classified as a changing-look AGN, observed in the Confpdalaxy (Veilleux & Osterbrock 1987, see an optical speutru
in Appendix C.1). Broad lines were detected in polarizetitlig
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(Tran et al. 1992). At radio wavelengths, a nuclear couterp
was found with the interacting galaxy (Falcke et al. 1998). A
point-like source is detected at hard X-rays (see Appendiy.C

It was classified as a Compton-thick candidate (Severghali e
2012).

It was observed once witBhandra in 2003 and once with

XMM-Newton in 2004. Bianchi et al. (2006) report the same
fluxes for the two spectra, also in agreement with our results

Appendix B.26: NGC 7319

NGC 7319 is a spiral galaxy located in the Stephan’s Quiatet,
group composed by six galaxies including a core of threexgala
ies (Trinchieri et al. 2003). These three galaxies were als0
served at radio wavelengths wit A (Aoki et al. 1999) and later
with MERLIN (Xanthopoulos et al. 2004), revealing a jet struc-
ture in NGC 7319. It has been optically confirmed as a Seyfert
2 (Rodriguez-Baras et al. 2014, see an optical spectrum in Ap
pendix C.1). The nucleus of this galaxy is not detected at UV
frequencies with the OM (see Table A.1). In X-rays, a poike-|
source is observed in the 4.5-8.0 keV energy band, and itshow
extended emission at soft X-ray energies (Appendix C.1).

It was observed twice witiChandra in 2000 and 2007, and
once withXMM—-Newton in 2001. We did not find any variabil-
ity studies in the literature. We found variations in the leac
power of the nucleus, accompained by absorber variaticswftat
energies.

OneChandra and thexXMM—Newton light curves were ana-
lyzed, but short-term variations were not detected.

Appendix C: Images

Appendix C.1: Optical spectra, and X-ray, 2ZMASS and
optical HST images

In this appendix we present images atetient wavelengths for
each energy and the optical spectrum when available from.NED
In X-rays we extracte€handra data in four energy bands: 0.6-
0.9 keV (top left), 1.6-2.0 keV (top middle), 4.5-8.0 keV (fto
right), and 0.5-10.0 keV (bottom left). Th&moorn task in-
cluded in CIAO was used to adaptatively smooth the three im-
ages in the top panels (i.e., the images in the 0.5-10.0 keV en
ergy band are not smoothed), using a fast Fourier transférm a
gorithm and a minimum and maximum significance level of the
signal-to-noise of 3 and 4, respectively. When data f@man-

dra was not availableXMM—Newton images were extracted in
the same energy bands, and thaoortn task was used to adap-
tatively smooth the images. At infrared frequencies, weeetd

an image from 2MASS in th& filter'3. At optical frequen-
cies we used images from tiubble Space telescop@lST)*4,
preferably in the F814W filter, but when it was not availabke w
retrieved an image in the F606W filtétST data have been pro-
cessed following the sharp dividing method to show the inter
nal structure of the galaxies (Marquez & Moles 1996). The red
squares in the bottom images represent the area covereea by th
HST image (presented in the bottom right panel when available).
In all images the gray levels extend from twice the value ef th
background dispersion to the maximum value at the center of
each galaxy. We used IRAF to estimate these values.

13 httpy/irsa.ipac.caltech.edapplication®2MASSIM/interactive.html
14 httpy/hla.stsci.edu
15 httpy/iraf.noao.edu
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Fig. C.1: Images of MARK 348X{MM—Newton data). (Top left): Smoothed X-ray 0.6-0.9 keV egdrgnd; (top center): smoothed
X-ray 1.6-2.0 keV energy band; (top right): smoothed X-ray-8.0 keV energy band; (bottom left): X-ray 0.5-10.0 ke\eryy
band without smoothing; (bottom center): 2MASS image inKéand; (bottom right): Hubble image in the F606W filter.
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Fig. C.2: Images of NGC 424. (Top left): Smoothed X-ray 0.84&V energy band; (top center): smoothed X-ray 1.6-2.0d@&fgy

band; (top right): smoothed X-ray 4.5-8.0 keV energy babottom left): X-ray 0.5-10.0 keV energy band without smaigf
(bottom center): 2MASS image in th& band; (bottom right): Hubble image in the F606W filter.

Page 43 of 78



3. SEYFERT 2 Hernandez-Garcia et al.: X-ray variability of Seyfert2 164

» 7 R .
5 5" 5
; _" - |.|- = ) " =
- . 1 =
] v b w - 'o- -J
: x - L
] | : e g
e . = . ! i -
% a - T ."
AT L'!.. — =
[ 1] s |" i
r
P >
5 5 L L] = 25k

Fig. C.3: Images of MARK 573. (Top left): Smoothed X-ray @® keV energy band; (top center): smoothed X-ray 1.6-2\0eke
ergy band; (top right): smoothed X-ray 4.5-8.0 keV energyhdbottom left): X-ray 0.5-10.0 keV energy band withoutmthing;
(bottom center): 2MASS image in thé& band; (bottom right): Hubble image in the F814W filter.

Fig. C.4: Images of NGC 788. (Top left): Smoothed X-ray 0.84&V energy band; (top center): smoothed X-ray 1.6-2.0d@&fgy
band; (top right): smoothed X-ray 4.5-8.0 keV energy babottom left): X-ray 0.5-10.0 keV energy band without smaigf
(bottom center): 2MASS image in th& band; (bottom right): Hubble image in the F606W filter.
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Fig. C.5: Images of ESO417-GO&NIM—Newton data). (Top left): Smoothed X-ray 0.6-0.9 keV eweognd; (top center):
smoothed X-ray 1.6-2.0 keV energy band; (top right): smedtX-ray 4.5-8.0 keV energy band; (bottom left): X-ray 0Gd
keV energy band without smoothing; (bottom center): 2MA®3gde in thes band.

Fig. C.6: Images of MARK 1066. (Top left): Smoothed X-ray @.® keV energy band; (top-center): smoothed X-ray 1.6-2.0
keV energy band; (top right): smoothed X-ray 4.5-8.0 keVrgpéand; (bottom left): X-ray 0.5-10.0 keV energy band with
smoothing; (bottom center): 2MASS image in tgband; (bottom right): Hubble image in the F606W filter.
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Fig. C.7: Up: Optical spectrum (from NED); bottom: images3d@ 98.0. (Top left): Smoothed X-ray 0.6-0.9 keV energy band;
(top center): smoothed X-ray 1.6-2.0 keV energy band; (tgipt): smoothed X-ray 4.5-8.0 keV energy band; (bottom)leftray
0.5-10.0 keV energy band without smoothing; (bottom cgnBWASS image in théls band; (bottom right): Hubble image in the
F606 filter.
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Fig. C.8: Up: Optical spectrum (from NED);bottom: imagesMARK 3. (Top left): Smoothed X-ray 0.6-0.9 keV energy band;
(top center): smoothed X-ray 1.6-2.0 keV energy band; (igipt): smoothed X-ray 4.5-8.0 keV energy band; (bottom)leftray
0.5-10.0 keV energy band without smoothing; (bottom cgnBMASS image in thés band; (bottom right): Hubble image in the

F814W filter.
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Fig. C.9: Images of MARK 1210. (Top left): Smoothed X-ray @.8® keV energy band; (top center): smoothed X-ray 1.6-2.0
keV energy band; (top right): smoothed X-ray 4.5-8.0 keVrgpdand; (bottom left): X-ray 0.5-10.0 keV energy band with
smoothing; (bottom center): 2MASS image in tgband; (bottom right): Hubble image in the F606W filter.
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Fig. C.10: Up: Optical spectra (from NED);bottom: imagedNssC 3079. (Top left): Smoothed X-ray 0.6-0.9 keV energy hand
(top center): smoothed X-ray 1.6-2.0 keV energy band; (igipty. smoothed X-ray 4.5-8.0 keV energy band; (bottom)ieftray
0.5-10.0 keV energy band without smoothing; (bottom cgnBWASS image in thés band; (bottom right): Hubble image in the
F814W filter.
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Fig. C.11: Up: Optical spectrum (from NED); bottom: imagéd®©®2560. (Top left): Smoothed X-ray 0.6-0.9 keV energy band
(top center): smoothed X-ray 1.6-2.0 keV energy band; (tgipt): smoothed X-ray 4.5-8.0 keV energy band; (bottom)leftray
0.5-10.0 keV energy band without smoothing; (bottom cgnBMASS image in th&s band; (bottom right): Hubble image in the
F814W filter.
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Fig. C.12: Up: Optical spectrum (from NED); bottom: imagédN&C 3393. (Top left): Smoothed X-ray 0.6-0.9 keV energydhan
(top center): smoothed X-ray 1.6-2.0 keV energy band; (tgipt): smoothed X-ray 4.5-8.0 keV energy band; (bottom)leftray
0.5-10.0 keV energy band without smoothing; (bottom cgnBMASS image in thés band; (bottom right): Hubble image in the

F606W filter.

Page 51 of 78



3. SEYFERT 2 Hernandez-Garcia et al.: X-ray variability of Seyfert2 172

F,. [ Counts ]
0 100000 250000

4000 5000 6000 7000 8000
MA]
. L] .

- 5 »

Fig. C.13: Up: Optical spectrum (from NED);bottom: imagéN&C 4507. (Top left): Smoothed X-ray 0.6-0.9 keV energydhan
(top center): smoothed X-ray 1.6-2.0 keV energy band; (igipt): smoothed X-ray 4.5-8.0 keV energy band; (bottom)leftray
0.5-10.0 keV energy band without smoothing; (bottom cgnBMASS image in th&s band; (bottom right): Hubble image in the
F814W filter.
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Fig. C.14: Up: Optical spectra (from NED); bottom: imageN&C 4698. (Top left): Smoothed X-ray 0.6-0.9 keV energy hand
(top center): smoothed X-ray 1.6-2.0 keV energy band; (tgipt): smoothed X-ray 4.5-8.0 keV energy band; (bottom)leftray
0.5-10.0 keV energy band without smoothing; (bottom cgnB8WASS image in th&s band; (bottom right): Hubble image in the
F814W filter.
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Fig. C.15: Up: Optical spectra (from NED); bottom: imageN&C 5194. (Top left): Smoothed X-ray 0.6-0.9 keV energy hand
(top center): smoothed X-ray 1.6-2.0 keV energy band; (igipt): smoothed X-ray 4.5-8.0 keV energy band; (bottom)leftray
0.5-10.0 keV energy band without smoothing; (bottom cgnBMASS image in th&s band; (bottom right): Hubble image in the
F814W filter.
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Fig. C.16: Images of MARK 268{MM—Newton data). (Top left): Smoothed X-ray 0.6-0.9 keV egdyand; (top-center): smoothed
X-ray 1.6-2.0 keV energy band; (top right): smoothed X-ray-8.0 keV energy band; (bottom left): X-ray 0.5-10.0 ke\ergy
band without smoothing; (bottom center): 2MASS image inKgdand.
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Fig. C.17: Up: Optical spectra (from NED); bottom: imagedMARK 273. (Top left): Smoothed X-ray 0.6-0.9 keV energy band
(top center): smoothed X-ray 1.6-2.0 keV energy band; (igipt): smoothed X-ray 4.5-8.0 keV energy band; (bottom)leftray
0.5-10.0 keV energy band without smoothing; (bottom cgnBMASS image in th&s band; (bottom right): Hubble image in the
F814W filter.

Page 56 of 78



177 Hernandez-Garcia et al.: X-ray variability of Seyfert 2s

¢ :0. ‘- s "y . e
. . ‘ L .. .
R -
.. .‘ . ‘ s
-. 5..' v

Fig. C.18: Images of Circinus. (Top left): Smoothed X-ra§-0.9 keV energy band; (top center): smoothed X-ray 1.6&\0en-
ergy band; (top right): smoothed X-ray 4.5-8.0 keV energyhdbottom left): X-ray 0.5-10.0 keV energy band withoutmthing;

(bottom center): 2MASS image in th& band; (bottom right): Hubble image in the F814W filter.
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Fig. C.19: Up: Optical spectrum (from NED), and bottom: irea@f NGC 5643XMM—Newton data). (Top left): Smoothed X-ray
0.6-0.9 keV energy band; (top center): smoothed X-ray 1088V energy band; (top right): smoothed X-ray 4.5-8.0 keérgy
band; (bottom left): X-ray 0.5-10.0 keV energy band withsortoothing; (bottom center): 2MASS image in tkgband; (bottom
right): Hubble image in the F814W filter.
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Fig. C.20: Images of MARK 477{MM—Newton data). (Top left): Smoothed X-ray 0.6-0.9 keV egdrgnd; (top center): smoothed
X-ray 1.6-2.0 keV energy band; (top right): smoothed X-ray-8.0 keV energy band; (bottom left): X-ray 0.5-10.0 ke\ergy
band without smoothing; (bottom center): 2MASS image inKéand; (bottom right): Hubble image in the F606W filter.
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Fig. C.21: Images of IC 4518AMM-Newton data). (Top left): Smoothed X-ray 0.6-0.9 keV emdrgnd; (top center): smoothed
X-ray 1.6-2.0 keV energy band; (top right): smoothed X-ray-8.0 keV energy band; (bottom left): X-ray 0.5-10.0 ke\érgy
band without smoothing; (bottom center): 2MASS image inKhéand.
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-

Fig. C.22: Images of ESO 138-GOXNIM—Newton data). (Top left): Smoothed X-ray 0.6-0.9 keV egengnd; (top center):
smoothed X-ray 1.6-2.0 keV energy band; (top right): smedtX-ray 4.5-8.0 keV energy band; (bottom left): X-ray 0Gd
keV energy band without smoothing; (bottom center): 2MABSge in theKs band; (bottom right): Hubble image in the F606W

filter.
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Fig. C.23: Images of NGC 6300. (Top left): Smoothed X-ray0.8keV energy band; (top center): smoothed X-ray 1.6-2\0én-
ergy band; (top right): smoothed X-ray 4.5-8.0 keV energyh@bottom left): X-ray 0.5-10.0 keV energy band withoutsthing;
(bottom center): 2MASS image in thé& band; (bottom right): Hubble image in the F606W filter.
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Fig. C.24: Up: Optical spectrum (from NED), and bottom: irea@f NGC 7172XMM—-Newton data). (Top left): Smoothed X-ray
0.6-0.9 keV energy band; (top center): smoothed X-ray 1088V energy band; (top right): smoothed X-ray 4.5-8.0 keérgy
band; (bottom left): X-ray 0.5-10.0 keV energy band withenrtoothing; (bottom center): 2MASS image in tieband; (bottom
right): Hubble image in the F606W filter.
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Fig. C.25: Up: Optical spectrum (from NED), and bottom: irmagf NGC 7212. (Top left): Smoothed X-ray 0.6-0.9 keV energy
band; (top center): smoothed X-ray 1.6-2.0 keV energy béog;right): smoothed X-ray 4.5-8.0 keV energy band; (botteft):
X-ray 0.5-10.0 keV energy band without smoothing; (bottanter): 2MASS image in thKg band; (bottom right): Hubble image
in the F606W filter.
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Fig. C.26: Up: Optical spectrum (from NED), and bottom: irmagf NGC 7319. (Top left): Smoothed X-ray 0.6-0.9 keV energy
band; (top center): smoothed X-ray 1.6-2.0 keV energy béog;right): smoothed X-ray 4.5-8.0 keV energy band; (botteft):
X-ray 0.5-10.0 keV energy band without smoothing; (bottanter): 2MASS image in thKg band; (bottom right): Hubble image
in the F814W filter.

Appendix C.2: Chandra and XMM—-Newton images

In this appendix we present the images fr@andra (left) andXMM-Newton (right) that were used to compare the spectra from
these two instruments in the 0.5-10 keV band. In all caseggithy scales extend from twice the value of the backgrowspkdsion
to the maximum value at the center of each galaxy.
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Fig. C.27: Images foChandra data (left) andXMM-Newton data (right) for the sources in the 0.5-10 keV band. @&rcles
represenXMM—Newton data apertures. Small circles in the figures to thedpresent the nuclear extraction aperture used with
Chandra observations (see Table A.1).
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Appendix D: Light curves

This appendix provides the plots corresponding to the ligintes. Three plots per observation are presented, comds to soft
(left), hard (middle), and total (right) energy bands. Ekght curve has a minimum of 30 ksec (i.e., 8 hours) expodure,twhile
long light curves are divided into segments of 40 ksec (L&.hours). Each segment is enumerated in the title of the digtve.
Count rates versus time continua are represented. Thelis@icepresents the mean value, dashed line$ thefrom the average.
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Fig. D.1: Light curves of NGC 424 frorKMM—Newton data.
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Fig. D.6: Light curves of NGC 4507 frodMM—-Newton andChandra data.
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Fig. D.8: Light curves of MARK 273 fronChandra data.
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Fig. D.9: Light curves of Circinus fror@handra data.
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LINER vs. Seyfert 2

Once we have derived the results on the X-ray variability in LINERs and Seyfert 2s, the
next natural step is to study whether these variations occur in the same way in both families of
AGN. This is the main purpose of this chapter, where we have assembled the spectral properties
and variability patterns of LINERs and Seyfert 2s. Taking advantage of the spectral fittings
performed in Chapters 2 and 3, we can not only obtain information about the physics related
to the variability occurring in these nuclei but also to infer their physical properties through
the spectral components used to fit the spectra. Within this context, we discuss the nature of
the accretion mechanisms and the dusty torus in AGN, which are a matter of debate within the
scientific community nowadays.

The paper presented in this chapter is still work in progress that we will outline in the near

future and will be submitted to Astronomy & Astrophysics.
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ABSTRACT

Context. X-ray variability is very common in active galactic nucl&GN), but it is still unknown if these variations occur sianily

in different families of AGN.

Aims. The main purpose of this work is to disentangle whether Xwayations occur in the same way in optically selected low
ionization nuclear emission line regions (LINERS) and 8ey2s.

Methods. We assembled the X-ray spectral properties derived fronpmuious analyses, as well as the X-ray variability patgtn
which were obtained from simultaneous spectral fittingsnigtdifferent parameters to vary in the model. Wiatentiate between
Compton-thick andCompton-thin candidates as in previous works.

Results. We find that Seyfert 2s need more complex models to fit theictspeAmong the spectral parameters, majdiedences are
observed in the soft (0.5-2 keV) and hard (2—10 keV) X-rayihasities, and the Eddington ratios, which are higher inf&eys.
Differences are observed also in the hard column densitiesetatapes, and black hole masses, although less signifishaoit term
X-ray variations cannot be claimed, while long term vaiipis very common in both families. The changes are mostlgited with
variations in the nuclear continuum, but other patternsaofability shows that variations in the absorbers at haetgas and at soft
energies can be present in a few cases. Variations at UVdreigs are observed only in LINER nuclei.

Conclusions. The X-ray variations occur in the same way in LINERs and Seyfs, i.e., related to the nuclear continuum, but they
might have dferent accretion mechanisms. As absorption variations hadging-look sources are not observed in LINERs, but UV
nuclear variations are common, we speculate that the BLRrentbrus might disappear in these sources.

Key words. Galaxies: active — X-rays: galaxies — Ultraviolet: galaxie

1. Introduction luminosity regime, i.e., LINERs (Pian et al. 2010; Youneslet

. . . . 2011; Hernandez-Garcia et al. 2014). However, it is stidam
Active galactic nuclei (AGN) include a number of SUbGroupsit yo, 40 \what is the mechanism respc))nsible for those varitio
are thought to be represented und_er the same scenarlo,lthewwe" as whether the changes occur similarly in every AGN.
fied model (UM) of AGN (Antonucci 1993). Under this scheme, |, 1 aviious works, we have studied the X-ray spectral vari-
the diferences between objects are attributed only to orien jility of two subgrc;ups of AGN, selected from their opti-
tion effects. Recent observations, however, suggest that the classifications: low ionisation nuclear emission liegions

should be slightly modified (see Netzer 2015, for a full digscr (LINERs, Hernandez-Garcia et al. 2013, 2014) and Seyfert 2
tion), including the nature of the torus, which some autlsoig: 54 ies (Hernandez-Garcia et al. 2015). The data werinebta
gest might be C'“mpy (e.g., Nenkova et al. .2.008; Stalevs_;kl.etf om the public archives d€handra andor XMM—-Newton, and
2012) and can disappear at low luminosities (e.g., ENtzur o same method was used to search for their variability pat-
Shlosman 2006). On the other hand, recent works suggest Qis <y in hoth subgroups. Firstly, we performed an indieid
a dependence of accretion on luminosity, black hole mass ‘Ebfgctral fit to each spectrum to select the best fit model,feerd t
galaxy evolution (e.g., Gu & Cao 2009; Schawinski et al. 2014 gimytaneous spectral fit was done to derive the varigiiit-
Yang et al. 2015.)' . tern at long timescales (i.e., months-years) of each soAu-
X-ray energies provide the best way to study the physjonay when available, short-term (i.e., hours-dayssscales)
cal mechanism operating in AGN since they have the powgl ., "ariations were studied from the analysis of the light
of penetrating through the dusty torus so the inner partd@f t a5 and long term UV variations were searched from the op
AGN can be accessed (Ho 2008; Gonzalez-Martin et al. 200 al mé)nitor (OM) onboarXMM—Newton (Hernandez-Garcia
Moreover, variability can be considered the best evidef@o0 o 5 013 2014, 2015). These works suggest that the kemg-t
AGN, and therefore its study can constrain physical property ... \ariations are mainly related to the nuclear contmuin
of these sources. X-ray variability has been found in almdist j, " hqroups, while other patterns of variability haverbe
AGN analyzed , from the highestluminosity regime, i.6.. SR8 (4 in a few cases, related to changes at soft energies or to

(Schmidt 1963), through Seyferts (Risaliti et al. 2000; fs/a e : N
et al. 2005; Panessa et al. 2011; Risaliti et al. 2011), ttotlest absorber variations at hard energies. On the contraryt
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4. LINER VS. SEYFERT 2emandez-Garcia et al.: LINERvsSeyfert 202
Table 1: General properties of the sample galaxies.
Name RA DEC Dist Morph.  Optical Compton-thick Variability
(J2000) (J2000) (Mpc) type class. candidate pattern
1) (2) (3) (4) (5) (6) () (8)
NGC 315 0057 48.88 +002108.8 59.60 E L1.9 -
NGC 1052 0241 04.80 +081520.8 19.48 E L1.9 Normy+Ny2
NGC 1961 054204.6 +692242 56.20 SAB(rs)c L2 -
NGC 2681 085332.73 +511849.3 15.25 S0-a(s) L1.9 O -
NGC 3718 113234.8 +530405 17.00 SB(s)a L1.9 Normy
NGC 4261 121923.22 +054930.8 31.32 E L2 -
NGC 4278 122006.83 +291650.7 15.83 E L1.9 Normp
NGC 4374 122503.74 +125313.1 17.18 E L2 O Norm,
NGC 4494 1231 24.03 +254629.9 13.84 E L2: Normy
NGC 4552 123539.81 +123322.8 15.35 E L2 Normp+Normy
NGC 4736 125053.06 +410713.6 5.02 Sab(r) L2 -
NGC 5195 132959.6 +47 1558 7.91 1A L2: Norm,
NGC 5982 153839.8 +592121 41.22 E L2: Normp
MARK 348 04847.2 315725 63.90 SO-a S2 Norm,
NGC 424 11127.7 -3851 47.60 S0-a S2 0 -
MARK 573 14357.8 22059 71.30 S0-a S2 O -
NGC 788 216.5 -64856 56.10 S0-a S2 -
ESO417-G06 25621.5 -32116 65.60 S0-a S2 Nh2
MARK 1066 25958.6 364914 51.70 S0-a S2 O -
3C98.0 35854.5 1026 2 124.90 E S2 Normy
MARK 3 61536.3 71215 63.20 S0 S2 O Normp
MARK 1210 845.9 5650 53.60 - S2 Normp+Ny2
IC 2560 1016 19.3 -333359 34.80 SBb S2 O -
NGC 3393 104823.4 -25944 48.70 SBa S2 O -
NGC 4507 12 35 36.5 -3954 33 46.00 Sab S2 Normp+Ny2
NGC 4698 1248 22.9 82914 23.40 Sab S2 -
NGC5194 132952.4 471141 7.85 Sbc S2 0 -
MARK 268 134111.1 302241 161.50 S0-a S2 -
MARK 273 1344 42.1 555313 156.70 Sab S2 NH2
Circinus 14139.8 -652017 4.21 Sb S2 O -
NGC 5643 14 32 40.7 -44 10 28 16.90 Sc S2 O -
MARK 477 14 40 38.1 533015 156.70 E? S2 0 -
IC4518A 1457 41.2 -437 56 65.20 Sc S2 Norm,
ESO138-G01 165120.5 -591411 36.00 E-SO S2 O -
NGC 6300 17 16 59.2 -62495 14.43 SBb S2 Normy+Normy
NGC 7172 2221.9 -31528 33.90 Sa S2 Norm,
NGC 7212 2272.0 10140 111.80 Sh S2 O -
NGC 7319 22363.5 335833 77.25 Shc S2 Normp+NH1

Notes. (Col. 1) Name, (Col. 2) right ascension, (Col. 3) declinati¢Col. 4) distance, (Col. 5) galaxy morphological typenfro
Gonzalez-Martin et al. (2009a) or Hyperleda, (Col. 6) agtdassification, where L: LINER and S: Seyfert, (Col.Gmpton-
thick candidates, and (Col. 8) X-ray variability patterdngiines mean variations are not found).

1All distances are taken from the NED and correspond to theagesredshift-independent distance estimates.

variations are not found, and UV variations are reportegt torl
LINER nuclei.

In this work we present the X-ray spectral properties deriv
from our previous analysis, as well as the X-ray variabitiat-
tern(s) obtained for LINER and Seyfert 2 galaxies, with the a
of finding similarities angbr differences within the two families
of AGN. This paper is organised as follows: the sample used
the work is described in Sect. 2, the results of the comparis
of the X-ray variability and spectral properties between tthio
families is presented in Sect. 3, which are discussed in 8ect
We summarize our conclusions in Sect. 5.

2. Sample and data

é|'he sample contains 21 LINERs from the Palomar sample (Ho
ét al. 1997) or the sample by Gonzalez-Martin et al. (2009b),
and 26 Seyfert 2s from the Véron-Cetty and Véron catalogue
(Véron-Cetty & Véron 2010). The data used for this work is-pre
R)ented in Hernandez-Garcia et al. (2013), and Hernandez&Ga

t al. (2014) for LINER nuclei, and in Herndndez-Garcia et al
015) for Seyfert 2s, thus we refer the reader to these pdper
details on the sample selection. Some of the galaxies hare be
rejected from the analysis: the LINERs NGC 2787, NGC 2841,
and NGC 3627 and the Seyfert 2 NGC 3079 due to the strong ex-
tranuclear emission contamination, the LINER NGC 3226 due t
its contamination from the companion galaxy NGC 3227 and all
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Fig. 1: Histograms of the X-ray spectral models fitted totflefll the LINERs and Seyfert 2s in the sample, and (rigGompton-
thin LINERs and Seyfert 2s.

the LINERs classified as non-AGN by Gonzalez-Martin et adt al. (2015), MARK 273, and NGC 7319, appeaiNp2(high).
(2009a) (NGC 3608, NGC 4636, NGC 5813, and NGC 5846). The branch alNy,(low) is very similar to the LINER distribu-

All together, the sample contains a total of 38 sources: 1i8n. The indices of the power law representing the AGN are
LINERs (two Compton-thick candidates and 1Compton-thin very similar in both families, althougikompton-thick candi-
candidated and 25 Seyfert 2 galaxies (Tdmpton-thick candi- dates show much flatter values, as expected (Cappi et al).2006
dates and 1&ompton-thin candidates). Table 1 shows the samA/hen onlyCompton-thin are considered, both distributions look
ple galaxies, along with th€ompton-thick candidates (Col. 7), pretty much the same. Finally, a cleaffdrence between the ob-
and the X-ray variability pattern (Col. 8). These varidiifpat- jects is observed in the temperatures, with Seyfert 2s sipwi
terns are related to the normalization at sdfomy) and high bimodal distribution with medians at kD.1 keV and k0.7
(Norm) energies, andr the absorber at sofiNG ;) and hard en- keV, whereas LINERs show only one temperature regime at
ergies (\n2). kT~0.6 keV.

In Fig. 3, X-ray luminosities from the fitted models, black

hole massesMgy, and Eddington ratiodRgqq, are presented.
3. Results Mg have been calculated from tigy—o- relation (Tremaine
3.1. Spectral shape and X-ray parameters et a!. 2002¢ from HyperLeda_) or taken from_ the Iiterqture oth-

erwise;Rgqq are calculated using a bolometric correction, k, de-
We have compared a sample of 13 LINERs and 25 Seyfert gendent on luminosity following Marconi et al. (2004). From
Among them, two LINERs and 12 Seyfert 2s have been clasgieir k-Ly relation, we determined thie-L(2 — 10 keV), and
fied as Compton-thick candidates (Gonzalez-Martin et 9RO fitted a fourth order polynomial to derive the relation, whigas
Hernandez-Garcia et al. 2015). Observations have showththa applied to each object. Seyfert 2s show lower valued/gf;
X-ray spectra of these objects are most probably dominated bthan LINERS, although note a substantial overlap, and highe
reflection component (Awaki et al. 1991), thus the spectiedc soft (0.5-2.0 keV), hard (2-10 keV) X-ray luminosities, éRglq.
ponents dominating ifompton-thin andCompton-thick sources These diferences are about an order of magnitude in all cases,
can be diferent. For this reason, we will tre@ompton-thick and  except inRegq Where a clear dierence can be observed atd0
Compton-thin candidates separately. with Seyfert 2s (LINERS) located above (below) this value: N

Figs. 1 and 2 show the main spectral parameters obtaing that only one Seyfert 2, namely NGC 4698, appears in lu-
from our analysis, whose median values and 25% and 7%ffMmosity andRgqq With a value characteristic of what it is found
quartiles are presented in Table 2. In all histograms, &lae for LINERs. The optical classification of this object has bee
the whole sample are represented in left panels, and exgudtontroversial in the current literature, classified as 8y by
Compton-thick candidates (i.e., onl€ompton-thin candidates) Ho et al. (1997) and Bianchi et al. (2012), but also class#ied
inright panels. It can be observed in Fig. 1 that Seyfertgaire a LINER by Gonzalez-Martin et al. (2009b). However, since it
more complex models to fit their spectra (refer to Hernandeg-a non-variable source, its presence in any of the two famil
Garcia et al. 2015 for details on these models). There are dges not change our conclusions.
differences between the absorber at soft enerbligg (which is
compatible with the Galactic value in most cases but Segfert o
appear more absorbed at high energhag}. We notice that the 3-2- X-ray variability
N2 distribution is bimodal for Seyfert 2s (with median valueghort-term variations cannot be claimed in any of the stud-
of Npz(low) = 9.873%m 2 and Nz (high) = 38.4556cm?) and  jed objects, as all the measurements were below théegel.
the two changing-look candidates reported in Hernandezi®a regarding long term variations, it is found that LINERs and

2 Classifications are obtained from Gonzalez-Martin et @D0g2). fSeyfert tharte X-ray varlablte %b]eiths at Iongt t'mt?].scflf' I
Four sources are not included in their sample andGoepton-thin from months {o years, except when ey @xerpton-thick ob-
candidates (NGC 1961, NGC 3718, NGC 5195, and NGC 5982) badg@ts, Where variations are not usual (one out ofChnpton-

on the measures &fand the X-ray to [O I1l] flux ratio (see Gonzalez-thick candidate Seyfert 2s, and one out of t@ompton-thick
Martin et al. 2009a). candidate LINERs). When transitions froBompton-thick to
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Fig. 2: Histograms of the spectral parameters obtainedl&dt): all the LINERs and Seyfert 2s in the sample, and (igBompton-

thin LINERs, andCompton-thin Seyfert 2s. From up to down, the column density at soéirgies, the column density at hard
energies, the slope of the power law, and temperatures esemted. The crosses represent the median value repoifgllée?2.
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Table 2: Median values and the 25% and 75% quatrtiles of thetrgh@arameters.

LINER Seyfert 2

All Compton-thick  Compton-thin All Compton-thick Compton-thin
) (2) (3) (4) (5) (6) ()
log(L(0.5-2keV) [erg sT]) 39.830 39.655 40.720 41.873 41.752 42.132%
log(L(2-10 keV) [erg s7'])  39.8%° 39.6399 40.8812 42528 41.528 42.7,58
L(0.5-2keVyL(2-10keV)  0.§! 1.242 0.1 0.42 0.82 0.43
log(Mgn [Mg]) 8.4% 8.73:1 8.4% 7. 7:2 7.4;:? 7. 7:2
log(Reaa) 525 b4gg 5153 2333 2935 1933
Np1 (107 cm?]) 0.0 :8(2) 0.078:8; O.G&g 0.(%8 0.(8:8 0.0 :83
Nh2 (x102[cm2)) 1.1%08 0.09% 9.4105 31.447 43.387 22,584
r 183 2.017 1.8 1.055 0.5% 1.4
KT [keV] 0593 0645 0582 0674 (0.141) 06551 (01519 0.715¢70.1833

Notes. (Col. 1) Spectral parameter, (Col. 2) all the LINERs in thenpke, (Col. 3)Compton-thick candidate LINERSs, (Col. 4)
Compton-thin candidate LINERS, (Col. 5) all the Seyfert 2s in the pen(Col. 6)Compton-thick candidate Seyfert 2s, and (Col.
7) Compton-thin candidate Seyfert 2s.

Compton-thin were observed in the same object, we classifit
them as changing-look candidates. Four changing look ear : : : : :
dates are included in the sample of Seyfert 2s (see Hernanc 14f E=3 Compton-thin LINER
Garcia et al. 2015), from our own analysis or taken from the | T Compton-thin Seyfert 2
erature (MARK 273, MARK 1210, NGC 6300, and NGC 7319 12
Following the methodology in Hernandez-Garcia et al. (301
for Seyfert 2s, i.e., by using X-ray and [O Ill] data to cldgshe
objects from their individual observations @smpton-thin or
Compton-thick, we did not find changing-look candidates amon
LINERSs.

A histogram of the X-ray variability patterns is presented i
Fig. 4. The most frequent long term variations observed ih bc
families of AGN are related to the normalization at hard ene
gies, which are observed in all the eight variable LINERS at
in nine out of the 11 variable Seyfert 2s with amplitudes ragg
from 20% to 80%. Variations due to absorption are less commu 0
being more frequent in Seyfert 2s (four out of 11, i.e., 368a)t
in LINERs (one out of eight, i.e., 13%). Variations at soft en
ergies are found in only two Seyfert 2s and one LINER, in affig. 4: Histograms of the X-ray variability patterns of tGemp-
cases accompanied with variations of the nuclear continuum ton-thin LINERS, andCompton-thin Seyfert 2s.

The last result we like to report is that at UV frequencies
long-term UV variations are found in most LINERs (five out of
six), whereas this kind of variations are not observed inf&ey 2011). Gonzalez-Martin et al. (2009b) pointed to the oyerla
2s. Take notice that the presence of the nuclear UV sourcefanind in their properties taking the Seyfert sample fromeRaa
Seyfert 2s is very scarce, as we have detected it only in thegtel. (2007) as a reference. A drawback of all these worksits t
cases. they also includeCompton-thick objects. In Hernandez-Garcia

Therefore, the main result from our study is that long teret al. (2015) we found that these sources are dominated hy-a co
X-ray variations at hard energies (2-10 keV) are preseriténe stant reflection component and do not vary at X-rays, in agree
AGN with the same characteristic timescales, i.e., from th®n ment with other works (e.g., LaMassa et al. 2011; Arévald.et a
to years, and the same amplitudes, i.e., 20-80%. Since therpo2014). Our present work separati@pmpton-thin and Comp-
law represents the transmitted AGN continuum in all the n&ydeton-thick sources allows a more net view on the nature of these
these variations are related to the nuclear source. It st families taking variability as a selection criteria.
principle variations have the same origin both in LINERs and Whereas the X-ray spectral shape is indistinguishabletim bo
Seyfert 2s. Seyfert 2s and LINERSs, the mainfiirence come from the lu-

minosity which in turn leads to a higRegqq for Seyfert 2s. Sev-
i i eral authors have studied the accretion mechanism by uséng t
4. Discussion relation between the spectral slope @gq (I—Reqq), being a

LINERs have been invoked as a scaled down version of Seyﬂ@@gative correlation attributed to iffieient accretion and a pos-

galaxies based in their average luminosities &egh (Dudik itive one to éficient accretion (Lu & Yu 1999; Porquet et al.
et al. 2006; Gonzalez-Martin et al. 2006, 2009a,b; Younes et2004; Bian 2005; Shemmer et al. 2006; Gu & Cao 2009; Younes

101

Number of objects

Norm, Norm, N Ny Non—variable

X—ray variability pattern
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tuations in the inner accretion disc. This might be agaihset t
3.0— ‘ ‘ ‘ : : : idea that LINERs are in a fierent accretion state where the
disc is partially suppressed and radiativelyfiira@ent accretion
4 flows (RIAF, Quataert 2004) take place for the relevant accre
2.5f 1 tion mechanism. However, these kind of intrinsic continuum
s NGCA698 flux variations could be produced by both emission mechasism
RO + (Lyubarskii 1997). It is worth noting that our spectral fitsosy
2.0 " T R that Seyfert 2s need two thermal components while LINERs
need only the higher temperature component. It has been sug-
gested that the lower temperatukd (~ 0.1 keV) component,
usually referred to as the ‘soft excess’, can be a signafitteeo
accretion disc (e.g., Gieflski & Done 2004). The fact that this
thermal componentis not present in LINERs might be in agree-
ment with RIAFs being the accretion mechanism in LINERs.
Thus, we suggest thatfirent accretion mechanisms occurring
‘ ‘ ‘ in LINERs (RIAF) and Seyfert 2s (standard accretion diseggi
ST 3 2 -1 0 place to the same kind of long-term X-ray variations, whioh a
log (Rpy,) probably related with fluctuations in the accretion flow.

The less common source of variability identified has been the
bsorption. It has been found in four Seyfert 2s and one LINER

GC 1052). Using the variability timescale to obtain thedeo

1.5f

1.0f

0.5

Fig. 5: Spectral index of the power law, vs Eddington ratio,
Reqq for Compton-thin LINER (green squares) and Seyfert 2 (re

circles) galaxies. The error bars are black for objects /hari- tion of the cloud that intersects our line of sight (followiRisal-

3;'%2% ;brﬁa %ﬁggfanﬁhaengo?ﬁfg rfg;r)r?:emdta/éd%aé;nb?g@?iti et al. 2_007), we fou_nd that_ these var_iations are relatét w
dashed line represents the model of Yang et al. (2015), the Cf%hanges in the broad line region (BLR) in two Seyfert 2s, /il

X location cannot be estimated in the remaining sourcesise
qlashed line the results of Shemmer et al. (2006), and thedio e timescales between observations were too large duesto th
line the results of Younes et al. (2011).

randomness of the data (Hernandez-Garcia et al. 2014, 2015)
Eclipses in the BLR have been observed in type 1.8-1.9 Ssyfer

| 2011 Y, | 2015). H fi - . (Risaliti et al. 2007; I_Duc_c_etti etal. 2007; Ri_saliti et #11) and
etal. 2011; Yang etal. 2015). However, we do notfind varrailoa few Seyfert 2s (Risaliti et al. 2010; Braito et al. 2013; Mar

in the spectral index either for LINERSs or for Seyferts wlzare . X
X-ray binaries (where this behaviour is well constraineddig-  NUCCI et al. 2013). However, the existence of the BLR and the

. dusty torus is still controversial for low luminosity AGN.(e
ferent spectral states) do present variations (e.g., Gy¢al, X . .
Ibragimov et al. 2005). The absence of variations in the sp enkm;la et aIHZOOS)b. Tlheore_tlclally,_ (Elitzur 8BS|EIosmalr02D
tral index might be attributed to the lack of studies of vailigy Ve Shown that at bolometric luminosities belbwy ~ 10°
at the timescales where these spectral variations aretexpdo €9 S the accretion onto the SMBH cannot longer sustain the

date, tha —Reqq has been detected only in one AGN individuall;?eq“ired cloud outflow rate, and the torus and the BLR might

disappear. Observational works affdient wavelengths in sup-
(Emmanoulopoulos et al. 2012). Indeed, they uRXdE data : . X )
monitoring the source in timescales of days, and we notiae tif°"t Of this scenario have been published for LINERs (whieh a

the variations irl" were of very short amplitude (changes fron! th€ luminosity regime predicted by Elitzur & Shlosman 890

~ 1.8 to 1.9). Instead of the study Bfvariations withReqq for 1 gree with the results presented here: o

a single object, several studies have reported #f-qq corre- The work by Maoz et al. (2005) at UV frequencies wHST
lation variations with dferent objects; this produces a very higlfata showed that UV variations in LINERs are common. Their
scatter instead of a clean correlation (e.g., Yang et al5poa  WOrk agrees well with ours, where UV variations were found
Fig. 5 we present the relation found for oDempton-thin can- for LINERs (Hernandez-Garcia et al. 2013, 2014) but not for

didate LINER and Seyfert 2 samples. It nearly distinguigbes S€yfert2s (Hemandez-Garciaetal. 2015). This may sugusist

the first time that aReqq ~ 10°3 both accretion regimes are sepat-he torus is obscured in Seyfert 2s while it is ‘naked’ in LIRE

rated. Only the Seyfert 2 NGC 4698 is below that limit, althbu explainindg tr?e gE;erveld ve}riat!ons_a_md tze di_zalpFE:)?arafrthe(_)
this object has also been classified as a LINER (see GonzafQsys and the at low luminosities. At mid-IR frequencies

Martin et al. 2009b). However, the scatter does not alloveto sconzalez-Martin et al. (2015) studiedfigrent types of AGN
a clear anti-correlation expected for LINERS. and found that the spectral energy distribution in faint ERE

One way to overcome this liculty to get hints into the na- (log(L(2 — 10keV) < 41) are consistent with the lack of a torus.

. e : ; At X-rays, we searched for changing-look candidates, ale-
re of th retion mechanism in th might lolystu: ' " g P
ture of the accretion mechanis these objects might faty stu ects that show transitions fro@ompton-thin to Compton-thick,

ing the nature of their variability. In this work it is reperd for d found that they are only present among Seyfert 2s. Te lac

the first time that, regardless the LINER or Seyfert nature 8 |
the source, most of the objects show variability in the m}ntiort.he. BLR and the torus can explain the absence of absorber
variations and changing-look candidates in LINERs.

uum normalization, i.e., the transmitted continuum fluxdrthe X ) e ;
Finally, a few objects show variations at energies below 2

AGN. Moreover, the amplitudes and timescales of the vansti . , L .

are similar for both families. It is very suggestive thastne- K€V: in all cases accompanied by variations in the nuclear co
sult appear to be in agreement with that reported by Parkar efinuum- In two out of the three cases, these variations were o
(2015) for a sample of 26 AGN. They obtain that the variapilittaiN€d when comparing data fromfféirent instruments. Thus

in almost all sources is dominated by a single componenghvhconfirmation is still required. NeMM-Newton data at dier-
they found correspond to the flux of the continuum. Thereforght €POchs of these sources would be very helpful in order to

the mechanism driving these variations should be relatédge conclude whether these variations are real or not.
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5. Conclusions LaMassa, S. M., Heckman, T. M., Ptak, A., et al. 2011, ApJ, 529
Lu, Y. & Yu, Q. 1999, ApJ, 526, L5
In the present work we have assembled the X-ray spectrat pro@ibarskii, Y. E. 1997, MNRAS, 292, 679
erties and variability patterns of two optically selectadhflies Maoz, D., Nagar, N. M., Falcke, H., & Wilson, A. S. 2005, Ap256699

of AGN: LINERs and Seyfert 2s. Sindgompton-thick sources m::icnouncim\Ri;fs'ghféGwésd s A aepsa1
do not usually show variations, the work is centeredComp- Nenkova, 'M.,'Sirocky’, M. M.. 7. Ives, & Elitzur, M. 2008”APJ’ 685, 147

ton-thin sources, including 11 LINERs and ;3 S!ayfert 2s. Westzer, H. 2015, ArXiv e-prints
have shown that the most frequent X-ray variability pattech Panessa, F., Barcons, X., Bassani, L., et al. 2007, A&A, 869,
curs in timescales between months and years, and is related @anfssih FL' dlg F;Flsa’ /_/\*-bBaan:tmé'--' ?t ?'~2%011511MMNNRRAASS'£2$5
H H H HH arker, M. L., Fablan, A. C., Matt, G., et al. y y 4
changes in the nuclear continuum in both families, but opiagr ;- 2“2 "o 00058 " o n Al 2010, MNRAS, 401, 677
terns of variability are also observed. Variations due oabers  porquet. ., Reeves, J. N., O'Brien, P., & Brinkmann, W. 2088A, 422, 85
at hard X-ray energies are most frequent in Seyfert 2s thanpifecetti, S., Fiore, F., Risaliti, G., et al. 2007, MNRAS73807
LINERs, and variations at soft X-ray energies are rare amd neQuataert, E. 2004, in Astronomical Society of the Pacificféence Series, Vol.

to be confirmed. 311, AGN Physics with the Sloan Digital Sky Survey, ed. G. thards &

. . P. B. Hall, 131
We suggest that the X-ray variations occur in the same WBNaliti G.. Elvis, M., Bianchi, S., & Matt, G. 2010, MNRAZ06, L20

in LINERs and Seyfert 2s and might be related with fluctuaioRisaiiti, G., Elvis, M., Fabbiano, G., et al. 2007, ApJ, 66211
in the accretion disc, although the accretion mechanismbea Risaliti, G., Maiolino, R., & Bassani, L. 2000, A&A, 356, 33
different. Furthermore, we speculate that the BLR and the toR¥gliti, G., Nardini, E,, Salvati, M, etal. 2011, MNRAS1@, 1027

might disappear in LINERs, based on the scarcity of absmptiscm‘\’lvg‘jg'fz'éS'Lrgrlnons' B.D., Urry, C. M., Treister, E., il@nan, E. 2012,

variations, the lack of changing-look candidates, andadbethat schmidt, M. 1963, Nature, 197, 1040
UV nuclear variations are found in these sources, in contoas Shemmer, O., Brandt, W. N., Netzer, H., Maiolino, R., & Kaspi 2006, ApJ,

what is observed in Seyfert 2s. 646, L29 .
Stalevski, M., Fritz, J., Baes, M., Nakos, T.,@& Popove, L. 2012, MNRAS,
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AGN in clusters

Galaxies tend to gather together among them, forming bigger structures as galaxy groups
and, when they are numerous enough, galaxy clusters (Kravtsov & Borgani 2012). It is usual
to find AGN residing within these structures (Guennou et al. 2014). Since the cluster emission
is composed by hot gas, it is of special importance to be familiar with the characteristics that
group and clusters of galaxies present. We develop this chapter to the characterization of galaxy
groups and clusters, using both spatial and spectral analyses. By using a sample of galaxy
groups and clusters, we make a study to search for the number of AGN located within each
structure.

This work was carried out during a MINECO Ph.D short-stay (three months) at the Institut
d’Astrophysique de Paris (IAP) in 2013, under the supervision of Dr. Durret. This is a pre-
liminary work that should be completed using the whole DAFT/FADA sample, and combining
optical and X-ray data. The combination of these data will first allow to measure the redshifts
of AGN, and, once this property is known, the characterization of AGN in galaxy clusters should

be carried out.
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ABSTRACT

Context. Several active galactic nuclei (AGN) are located in galapgugs and clusters, and therefore their emission mighffeetad

by its contribution.

Aims. The main aim of this work is to search for AGN located withidagg groups and clusters. In order to decontaminate AGN
from their emission, we characterize X-ray images and sp@dtgalaxy groups and clusters.

Methods. We use 16 galaxy clusters (11 were studied in Guennou et@l3j2and five are presented here for the first time) from
the DAFT/FADA sample and 10 groups from Lagana et al. (in prep.) toystisdproperties. We extracted images in the 0.3-8.0 keV
energy band and subtracted the cluster emission ustamadel, only in galaxy clusters, in order to see the resgludlich are not
completely part of the cluster. Spectra were extracted filoenpn, MOS1, and MOS2 cameras onboxXMM—Newton for all the
galaxy groups and clusters. Whenever possible, we seafeh@&N within the groups and clusters of galaxies. Theirifioss were
compared to optical data, and their spectra were extradteth\@ measurement of the redshift was available.

Results. We found three AGN in the nine studied groups of galaxiesh eme located in the center of the group. We found 28 point-
like sources within the 16 galaxy clusters; only nine with @asured redshift. We have identified from one to five poke-tiources

on each cluster.

Conclusions. A large sample of galaxy clusters and groups with optical dsdy data is required to characterize AGN in galaxy
clusters.

Key words. Galaxies: active — Galaxies: clusters: general — GalagiesIps: general — X-rays: galaxies: clusters

1. Introduction DM also permits the detection of clusters at high redshifts.

. . now known that clusters, which contain from hundreds to thou
Observations show that almost half of the galaxies in the U, nds of galaxies, are characterised by diamet&s4 Mpc and

verse are located in groups (Kravtsov & Borgani 2012). The sses of 16— 1015 M. The mass composition of galaxy clus-
groups are formed by about 50 members and bound by gravity.<'is 788704 in DM, 11-14% in hot gas and 2-6% in galaxies
As our closest example, the Milky Way is located in the Locgf,. 1y '~ 70 km 51 M’pC_l). X-ray emission in clusters origi-
Group, which contains more than 50 galaxies. They have diaffiies from hot plasma, with temperatures ofkZ—13 keV and
eters around 0.5-2 Mpc and massed0'® Mo. During their |, inoities ofl, = 104 — 10%erg s~1. Emission lines are also
evolution, ga]axy groups fall into b|gger structures GMEU.S' present in the X-ray spectra of clusters, implying that ¢hee
ters of galaxies, which can contain several galaxy groups. | i\, e glements than Hydrogen and Helium in the intra-cluster
not very clear if there is a limit between a group and a cluste e jiym (e.g., the 6.7 keV iron emission line). The abundance
since ther.e does not seem t_o be arﬁeuience, but a continuity of these elements correspond to abg@tdf that seen in our Sun.

of properties for systems of increasing mass. The structure formation in galaxy clusters is thought to be

_Galaxy clusters are the largest and most massive well defingfl, + nergers and accretion from small systems. As the gas
objects in the Universe. By using the velocity dispersiditaeir is heated it emits in X-rays, until it is dense enough to feed a

members, already in the thirties masses a fac@d0-4001arger o5 of star formation and accretion onto super maskick b
than the luminosity of their stars were obtained (Zwicky 193 holes, which can result in feedback due to supernovae cti

Ieac;!ng tc()jthfet potsr:ul?jt_ion ofdarkfntwr?ttehr (tD'Mt). It? eﬁismmas_ alactic nuclei (AGN), injecting heat onto the hot intrastier
confirmed after the discovery of the hot intracluster mediurg o i (Kravtsov & Borgani 2012).

that emits at X-ray energies due to thermal bremsstrahlamdy,
provides a part of the missing mass (Cavaliere et al. 1971).
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Table 1: Properties of the clusters analysed in this workofthem are taken from the DAFFADA survey.

Name RA (J2000) DEC (J2000) z Gal. Lat.
1) () 3) 4) ®)

CL J0152.7-1357 28.1708 -13.9625 0.8310 -70.57
BMW-HRI J052215.8-362452 80.5592 -36.4178 0.4720 -32.85
MACS J0647.47015 101.9413 70.2508 0.5907 +25.12
MACS J0717.53745* 109.3788 37.7583 0.5458 +21.05
MACS J0744.9-3927 116.2158 39.4592 0.6860 +26.65
RX J0847.%3449 131.7971 34.8211 0.5600 +37.87
RX J0848.8-4455* 132.2050 44.9294 0.5430 +39.11
Abell 851 145.7360 46.9894 0.407 +48.29
MS 1137.5-6624 175.0970 66.1449 0.7820 +49.45
CLG J12054429 181.4641 44.4860 0.5915+70.38
BMW-HRI J122657.3-333253  186.7417 33.5484 0.8900+81.69
PDCS014S* 201.3375 30.1653 0.7200+81.97
ZwCl 1332.8-5043 203.5833 50.5151 0.6200 +65.22

CL J1604-4314* 241.1075 43.2397 0.8652 +48.08
MACS J2129.4-0741* 322.3583 -6.3089 0.5889  -38.46
RX J2328.81453 352.2079 14.8867 0.4970 -43.45

Notes. Objects marked with * were not studied in Guennou et al. (2014

One of the best ways to detect AGN is the use of X-ray datal. The sample
X-ray surveys have found a high number of point-like sourc
in the fields of galaxy clusters (Bechtold et al. 1983; Henry
Briel 1991; Gilmour et al. 2009). Depending on the sample, t
number of AGN per cluster varies significantly, as expected
cause this is a property related to the cluster itself. Beiey
main goal of this study to analyse the properties of AGN irs€lu
ters of galaxies, it will be crucial to subtract the clustetigsion
when extracting the X-ray spectra.

This study was done during a short stay of thr
months period (September-November 2013) at the Insti
d’Astrophysique de Paris (IAP), and forms a preliminarydgtu
that should be completed. In this work we therefore charzete
X-ray images and spectra of galaxy groups (clusters), iercl
be able to decontaminate the spectra of AGN located withen
group (cluster) from the group (cluster) emission. In SRatie
study galaxy clusters and derive their physical propefti@s
the study of X-ray images and spectra and also search for A

candidates. In Sect. 3 we analyze a sample of galaxy group

order to find evidence for AGN from their X-ray images angouces: Table 1 lists these 11 clusters, their coordinetes

: : ; . hifts, and galactic latitudes. We added five clusters frbe t
spectra. Finally, we discuss and summarize our resultseéh S ! ; S
4p y AFT/FADA survey that were not previously studied in Guen-

nou et al. (2014). These five clusters are marked with * in&abl
1. Observational details are summarized in Table 2.

e sample was selected from the DAFADA survey (Pls.
. Ulmer, C. Adami and D.Clowe). This program is producing
large survey of clusters at}).4-0.9] — all withHST imag-
Ing data available — and calculating photometric redsfeftshe
field galaxies. This survey has two main goals, the first one is
determine dark energy (DE) making use of weak lensing tomog-
raphy, and the second one is to create a data base of about 90
ec;slusters (20.000 galaxies) and study their properties.
at X-ray data fromxXMM-Newton public archives were ob-
%alned from theXMM-Newton Science Archive (XSA) Guen-
nou et al. (2014) selected the clusters of the DAADA sur-
vey with X-ray angor optical spectroscopidmaging available
tﬂata. From the 32 availablMMM-Newton data where a spatial
analysis was performed, we selected the 24 clusters camgain
AGN at optical frequencies from the bibliography in Guennou
I. (2014). We visually inspected these clusters withXtié1-
wton images and found that 11 of them showed point-like

2. Search for AGN in galaxy clusters from the
DAFT/FADA survey 2.2. Methodo[ogy

The main purpose of this work is to search for AGN ihe first part of the methodology is focused on the study of the
galaxy clusters. As explained below, 11 galaxy clustemiftioe  cjysters. Images from the MOS-1, MOS-2 and pn cameras are
DAFT/FADA sample in Guennou et al. (2014) are studied, arfhtained, and a model representing the emission of a relaxed
we add five clusters that were not studied before. Therefloee, c|yster is applied to them. The residuals show eventuatsubs
first part of the work is focused on the characterization ¢dxy@ tyres that may be present within the cluster. Spectral etidra
clusters to infer their physical properties. The second g@am- of the clusters are also obtained, so we estimate their pdilysi
sists on the analysis of the point-like sources (i.e., AGNdta properties. This part of the analysis is done only for the five
dates). clusters we added to the sample, since it was already done in
Guennou et al. (2014) for the 11 clusters studied in theitkwor

1 httpy/cencos.oamp,AFT/
2 httpy/xmm.esac.esa.ifxsaindex.shtml
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Table 2: Observational details of the clusters from the DARDA survey analysed for the first time in this work.

Name Satellite ObsID Date Exptime
(ksec)
1) (2 3) (4) (5)
MACS J0717.53745 XMM-Newton 0672420101 2011-10-11 61.2
XMM-Newton 0672420301 2011-10-15 64.1
RX J0848.8-4455 XMM-Newton 0085150101 2001-10-15 49.2
XMM-Newton 0085150201 2001-10-21 51.3
XMM-Newton 0085150301 2001-10-15 51.3
PDCS014S XMM-Newton 0025740201 2001-12-12 39.5
CL J1604-4314 XMM-Newton 0025740101 2002-02-09 18.5
XMM-Newton 0025740401 2002-02-10 24.3
MACS J2129.4-0741 XMM-Newton 0700182001 2012-05-02 36.0

The second part of the methodology is focused on the study This part of the analysis was made for the five clusters
of point-like sources within the clusters. Note here thatdata marked with * in Table 1, since it was already made for the oth-
is used for the analysis, i.e., we do not use the data after #rs by Guennou et al. (2014).
substraction of the relaxed cluster model. This is donelfdha

clusters studied in this work. 2.2.2. Spectral extraction

The data were reduced using the Science Analysis Software
(SAS)), version 13.0.0. Before extracting the spectra, good-
The data were reduced using the Science Analysis Softwéimeing periods were selected (i.e., flares were excludetg T
(SAS®), version 13.0.0. Before extracting the images, we filteredethod used for this purpose maximizes the signal to noise ra
for periods of high background, removed bad pixels and cakintio of the net source spectrum by applying &elient constant
and made exposure map corrections (usingetix@mar task). count rate threshold on single-eventss<HO keV field-of-view

The images were then extracted in the 0.3-8.0 keV energy bdratkground light curve. The extraction region was deteehin
using theevseLecr task. through circles containing the source (galaxy cluster dntpo

The images were combined using IRAFRNd specifically like source). For galaxy clusters, the background was oeted
themcomeINE task, combining the images by summing them anlith an algorithm that selects the best circular region fée
without rejecting any pixel. sources; when extracting the spectra of point-like soutbes

Following Guennou et al. (2014), instead of using more corbackground was manually selected from a circular region as
plex models, we adopted a simple modeling to fit the clustestse as possible to the source and free of other sourcesjén o
with the standard 2[B-model because they are very faint, have ot to include emission from the cluster. We extracted theco
small angular size and their cores are hardly resolvedMi- and background regions with tleseLect task. The RMF was
Newton. generated using thevrcen task, and the ARF was generated

This model represents a relaxed cluster with a homogeneassg thearrcen task. We then grouped the spectra to obtain at
gravitational potential. The residuals were computed aglift least 20 counts per spectral bin usingdkerna task, as required
ference between the image and the fit, allowing us to detgct d@a usey?-statistics.
perturbation from a homogeneous gravitational potentia! th
the presence of any eventual substructure still in the g00é
merging with the cluster.

The X-ray images were fitted with an azimuthally symmetrithe spectral fittings were done using XSPE€12.7.0. The
elliptical beta-model using theéherpa® tool from CIACP: model used to fit the thermal component that represents
the X-ray emission from the cluster was a single MEKAL
(phabs*mekal) model. The free parameters in this modekeare t
temperaturekT, and the normalization. The Galactic absorption,
Nca, was included in the model and fixed to the predicted value
whereX(r) is the surface brightness as a function of the radiuging the NH tool withinrrooLs (Dickey & Lockman 1990;

r, o is the central surface brightness,the core radius3 the Kalberla et al. 2005). When the spectra were of low count rate
shape parameter, ardaccounts for the background, which isand an estimation of the temperature could not be obtaihed, t
assumed to be constant throughout the image. luminosities were estimated from a MEKAL model with a fixed

Whenever possible, we used data from the MOS-1 camerto= 5 keV.
fit the model, since pn and MOS-2 data are usually contaminate This part of the analysis was made for the five clusters
by bad pixels antr have CCD gaps passing through the clustefarked with * in Table 1, since it was already made for the oth-
image. This allows the analysis of the best quality dataiptess ers by Guennou et al. (2014).
to search for substructures.

3 httpy/xmm.esa.insag

4 httpy/iraf.noao.edu

5 httpy/cxc.cfa.harvard.edsherpa4.fhelgbeta2d.html
6 httpy/cxc.cfa.harvard.eddiag

2.2.1. Images and subtraction of the cluster : 8-model

2.2.3. Spectral fitting of galaxy clusters

)2]—38+0.5 +b (1)

2(r) = o[ 1+ (=

le

7 httpy/xmm.esa.insag
8 http;/heasarc.nasa.gmanadyxspe¢
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Table 3: Spectral fittings of the clusters from the DAFADA survey analysed by Guennou et al. (2014).

Name kT L4(0.5-8.0keV) N
(keV) (10" ergs™)
(2) (2) (3) 4)
CL J0152.7-1357 7.59).65 7.91 3
BMW-HRI J052215.8-362452 5.60.66 1.70 4
MACS J0647.#7015 7.740.35 16.10 2
MACS J0744.93927 7.870.28 18.70 1
RX J0847.%3449 5* 7.11 2
Abell 851 5.170.16 6.13 1
MS 1137.5-6624 7.430.90 7.41 2
CLG J1205-4429 5* 0.68 1
BMW-HRI J122657.3333253 8.740.42 20.20 5
ZwCl 1332.8-5043 5.080.59 2.40 3
RX J2328.81453 2.630.53 0.43 1

Notes. 1 N is the number of point-like sources on the X-ray images. érital model was used to fit the data in all cases. The *
means that kT was fixed (see text).

37.700 - 37.720 37.740 37.760 37.780 37.800 37.820 37.840
37.700 37.720 37.740 37.760 37.780 37.800 37.820 37.840
37.700 37.720 37.740 37.760 37.780 37.800 37.820 37.840

109.440 109.400 109.360 109.320 109.440 109.400 109.360 109.320 109.440 109.400 109.360 109.320

Fig. 1: From left to right, combined images from the MOS-1, B and pn cameras of MACS J071¥345. DEC and RA are
represented in degrees.

2.2.4. |dentification and spectral fitting of point-like sources dinates of those point-like sourcedMM-Newton images have

. - the astrometry done so we obtained the coordinates fronmthe i
Whenever possible, we searched for AGN within the cIustérsgges and searched for their near positions in NEDizieR!!

galaxies. We decided to search for AGN within a circularoegi o4 ,on_puplic catalogs from N. Martinet (private commanic
of 2 Mpc radius from the coordinates of the galaxy cluster qgn)_
a

provided by NED. We can assess thatthere is an AGN candidate i gpec v 12 7.0 was used for the spectral fitting. Since the

\I’J\'heg %poin,tl—like,vlsmtjrrcetis ldt;toegéeddn the 45t80 ke\(;rg]ergbjects were assumed to be AGN, the model was an absorbed
and (Gonzalez- artin et al. ). However, it is importan ower law, which corresponds to a non-thermal source. Tée fr
note that X-ray emitting objects may not be AGN but GalactiG, .o meters in this model are the column denslty, the slope of

sources, as X-ray binaries (XRB) or ultraluminous X-rayrse8 i, oover lawT", and the normalization. The Galactic absorption
(ULXs). The spectral shape and the luminosities of the SEBIMG - < included in the model as in Sect. 2.2.3

will Ee tak_egyl_ltr)to account during the discussion for consie 1, 1,36 sure that the emission from the cluster was correctly
such possibiiiies. subtracted, we made another spectral fitting using a cortibina

To make a proper spectral fitting, it is necessary to haVeo?‘a thermal (emission from the cluster) plus a power law gemi

measurement of the redshift (whichis not possible to olftam gion from the point-like source) model to fit the data, whéwe t
the X-ray data if we are measuring only the continuum). So the

next thing we did was to make a bibliographic search of theco® httpy/ned.ipac.caltech.efformgnearposn.html
11 httpy/vizier.u-strasbg.fwiz-bin/VizieR

9 httpy/ned.ipac.caltech.egu
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Fig. 2: 8-model applied to the MOS-1 camera image of MACS J07437315. From left to right: the original image, tisemodel
and the residuals. The circle in the middle and right image®la 2.5’ radius.

parameters of the power law were left free to vary while the paight be in a merging process. We search for evidence foethes
rameters of the thermal model (MEKAL) were fixed to the vakubstructures in the optical data (see Fig. 3) but we coutd no
ues obtained according to Sect. 2.2.3. If this model fitted wéocate them.

the data, the spectrum of the point-like source was contateih In the case of MACS J2129.4-0741, only one observation
by emission coming from the cluster, and consequently, a névwm 2012 was available in théMM-Newton archive. We ob-

spectral extraction with a smaller aperture was done. tained the images from the MOS-1, MOS-2 and pn cameras in
This part of the analysis was made for all the clusters indalthe 0.3-8.0 keV band (Fig. 4).
1. We applied theg-model to the MOS-1 camera image (Fig.

5). The residuals (bottom-left) show a substructure that bea
23 Results a group; a po@nt-like source is also vis_ible_ (marked with aebl
"~ circle). An optical counterpart of the point-like sourcesfaund
We discuss the results obtained for the clusters (inclubliby ~ at optical wavelengths, marked with a white circle in Fig. 6.

ographic information) in the following.

2.3.2. Spectra of the galaxy clusters

2.3.1. Images and g-model The spectral fittings were done as explained in Sect. 2.h@. T

We refer the reader to Guennou et al. (2014) for the resuitsion results are given separately for the 11 clusters studiedusn&

ages and the application of tAemodel to the 11 clusters studiednou et al. (2014) (Table 3) and the five clusters studied fer th

in their work. Here we present the images of the galaxy ctastdirst time in this work (Table 4).

and the application of the&model that were not studied in Guen-  The results of the temperatures and luminosities in the80.5—

nou et al. (2014). The observational details are listed biera. keV energy band obtained by Guennou et al. (2014) for the 11
In three cases the images from the MOS-1, MOS-2 and phusters in their sample when fitting a thermal model are sum-

cameras were obtained and combined, but we do not pres®atized in Table 3.

them because of the faintness of the clusters (CL J16844 The spectra of one out of the five clusters analysed in

and PDCS014S) or because it is in the gap in the three camdhés work were not extracted since it was on the gap (RX

(RX J0848.8-4455). In these cases the clusters were so faint t§848.8-4455). The remaining four were fitted with a ther-
the thes-model could not be applied. mal model (i.e., MEKAL), and the results of the spectral fit

From the three available observations of MACSre summarized in Table 4. Two clusters (CL J160314 and
J0717.5-3745, ObsID. 0672420201 wasffected by radi- PDCS014S) did not have enough number counts for a proper
ation (as explained in theXMM—-Newton observation log spectral fitting, so a fixellT = 5keV, 0.3 solar abundance and
browset?), so we did not take it into account. For the remainintiie redshift of the cluster were used to estimate their losiin
two observations (both from 2011) we obtained images flgs.
the 0.3-8.0 keV band for the MOS-1, MOS-2 and pn cameras In the case of CL J16044314, only one spectrum was ex-
(Figure 1). tracted from a circular region of 40” (0.3 Mpc) from the pn cam

We applied theg-model to the MOS-1 camera of MACSera from ObsID. 0025740401. From the other cameragoand
J0717.5-3745 image (see Figure 2). In the right panel of Figebservations, the cluster was too faint or, in the case opthe

ure 2 two big structures can be seen, showing two groups thamera ObsID. 0025740101, it was on the gap. An intrinsic lu-
_ _ _ minosity estimation of logL(0.5-8.0 ke\ 44.15 was obtained.
12 httpy/xmm2.esac.esa.jiexternglxmmobsinfgobsviewframe.shtml - Kocevski et al. (2009) studied the CL1604 supercluster (@he
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Fig. 3: Color image of MACS J0717+3745, combining the optical filters r (red) and v (green) fribl@WYIN telescope, and the
Chandra 0.3-8 keV (blue).

Table 4: Spectral fittings of the clusters from the DAFADA survey analysed in this work.

Object Camera kT abund. y?/d.o.f logLy
(radius) keV (Solar) (0.5-8.0 keV)

1) (2) 3) (4) (5)

CL J1604-4314 pn (407) 5* 0.3* - 44.15

PDCS 014S MOS-1 (607) 5* 0.3* - 43.76

MACS J0717.53745  All(1.9)  11.39170 0232 103 451212
MACS J2129.4-0741  All(1.0)  8.98% 03¢% 109 45.08207

Notes. The MEKAL model was used in all cases to fit the spectra. The &msehat KT was fixed (see text).

CL J1604-4314 is located) and found a bolometric luminosity oty of 44.01 when fitting a thermal model with their k3 1.64
8.20x 10" h:2 ergs™ andKT = 1.64"352 usingChandra data. keV. The luminosity agree well with our estimation when figfi
They argued that this cluster is not fully relaxed and it doul thermal model with k¥5 keV. However, we notice that the
still be in process of formation due to galaxy aorgroup merg- temperature obtained by Kocevski et al. (2009) is very cofdaf
ers. The dierences in the luminosities are probably due to thgalaxy cluster; their result is most probably due to the lawnn
different temperatures used in the spectral fitting. Followlireg tber count inChandra data.

results from Kocevski et al. (2009), we obtain a lower lunsino
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Fig. 4: From left to right, images from the MOS-1, MOS-2 andgameras of MACS J2129.4-0741. DEC and RA are represented
in degrees.
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Fig. 5: B-model applied to the MOS-1 camera image of MACS J2129-0Tdp-left image: original image; top-righg-model;
botton-left: residuals; bottom-righ€handra image (ObsID. 3199). The circles in the top-right and botlefhimages have a 2.5’
radius. Note the point-like source located near the grolye(bircle) that is much better seen after subtractingstheodel.

Only one spectrum of PDCS014S was extracted from a cir- The spectra of MACS J0717A43745 were obtained from a
cular region of 60” (0.4 Mpc) from the MOS-1 camera, becausécular region of 1.9’ (0.7 Mpc) radius, containing all thmnis-
the cluster was in the gap in the MOS-2 and pn cameras. An &ien from the center of the cluster seen in the X-ray image. Th
trinsic luminosity estimation of logL(0.5-8.0 ke\A 43.76 was spectral fitting was done witNgy = 7.03x 10°° cm? and z=
obtained. We did not find any bibliography in the literatuoe f 0.5458. The best fit parameters are summarized in Table 4 and
this source. the spectra are shown in Figure 7. Stott et al. (2007) and-Ebel

The other two clusters were well fitted with the MEKALIing et al. (2007) studie@handra data and obtained luminosities
model. To obtain a better/S, we fitted the spectra from theof logL(0.1-2.4 keV)= 45.44 and logL(0.1-2.4 ke\& 45.39*
MOS1, MOS2 and pn cameras simultaneously in both cases.0.01 ergs™, respectively, and Ebeling et al. (2007) calculated
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Fig. 6: Color image of MACS J2129.4-0741, combining the cgdtfilters z (red) and r (green) from tI8OAR telescope, and the
XMM-Newton 0.3—-8 keV (blue). The white circle contains the agdtcounterpart of the residual point-like source founérmaft
applying thes-model.

a temperature of KE 11.6* 0.5 keV. These results agree well MACS_J0717.5+3745
with the parameters obtained from our spectral fit. e it b
The spectra of MACS J2129.4-0741 were obtained from a 0.1 ¢ e il
circular region of 1’ (0.4 Mpc). The spectral fitting was done IR
with Nga = 4.99x 10°° cm™2 and z= 0.5889. The best fit pa-3
rameters are summarized in Table 4 and the spectra are sh§wno.o1 |
in Figure 8. Stott et al. (2007) and Ebeling et al. (2007) istdd & g
Chandra data and obtained luminosities of logL(0.1-2.4 keV)

45.21 and logL(0.1-2.4 ke\4 45.20" 0.02 ergs !, respectively, 10°3 7

where Ebeling et al. (2007) obtained a temperature o£lg.1 S

* 0.7 keV. These results agree well with ours. 2 ﬁw m ‘ w
I |

% 0 i m "w1 ‘I'w“ Ll I ‘
©

2.3.3. Identification of AGN and spectral fitting 3 o w WFW\WW'WW’W
Here we present the results of the analysis of the point-li‘l‘fe a0 |
sources found around the 13 clusters listed in Table 1 fockwhi 05

the images where bright enough for our purposes (three of
these clusters, namely CL J16&4B14, PDCS 014S, and RXFjg. 7: Spectral fitting of MACS JO071748745 using the
J0848.8-4455, were not taken into account due to their falnMEKAL model, for the three cameras in two dates, and residu-

ness). als in the bottom. Top: spectra from pn camera. Bottom: spect
from MOS cameras.

Energy (keV)
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Fig. 9: Point-like sources (small circles) within a 2 Mpcitai(big circles) centered in MACS JO71#3745. Left: XMM-Newton
MOS-1 camera image. Righthandraimage.

MACS_J2129.4-0741 ‘ ‘ o We made a test to see if we could rule out the possibility that
] the point-like sources were foreground Galactic objectsfoa

i example XRB. With this purpose we considered the cluster wit

] the Galactic latitude closer to zero, i.e., MACS JO71BB45
(see Table 1). Within a 2 Mpc (i.e., 5.76") radius circulagiom
centered on its coordinates, two point-like sources wesatid
fied'3, represented with blue circles in Figure 9. Other sources
were extended instead of point-like. Sources 1 {RA7 17
54.6, DEG=+37 44 33) and 2 (RA+07 17 24.9, DEE+37

3 47 15) were extracted frolXMM-Newton data from circular
regions of 10" and 8" apertures, respectively. The speatea a
shown in Figure 11, where they were extracted from the three
] cameras onboardMM-Newton for source number 1 and from

§ two cameras (MOS-1 and MOS-2) for source number 2 (in the
: pn camera the source is in the gap). Both sources were wedl fitt
by a non-absorbed power law, source 1 With 1.58 [1.55-1.61]
Energy (keV) andy? = 1.33 and source 2 with = 1.52 [1.47-1.58] ang? =

Fig. 8: Spectral fitting of MACS J2129.4-0741 using th .35. We first computed the luminosities assuming that ssurc
MEKAL model, with the residuals in the bottom panel. Top: @nd 2 belong to the cluster<@2.5458), resulting in logL(2-10

. V) =44.28 and 44.16. These values are compatible with being
spectrum from pn camera. Bottom: spectra from MOS cameras. oo L
P P P igh luminosity AGN (Peterson 1997). To check the posgipili

of these objects being Galactic sources, we also computdd-th

The number of point-like sources found in the 11 galaxjiinosities assuming=0, which gives logL(2-10 keV}- 36.64
clusters studied by Guennou et al. (2014) are numbered irdCofind 36.51, respectively. Hence, it cannot be excluded liestt
of Table 3 (see Appendix A in Guennou et al. 2014 for detailg)bjects are close accreting Galactic binaries, with lursiies ~
Figures 9 and 10 show the three point like sources found in thg"-10° erg s™ (Fabbiano 1989). Thus, both options are plau-
clusters we analyse here for the first time, MACS J0743%5 sible. Since the purpose of this work is to study AGN in galaxy
(two) and MACS J2129.4-0741 (one). clusters, it is a must to measure the redshift of the poke-li

The XMM-Newton images showed from one to five pointsources in order to perform a reliable spectral fit. For th-r
like sources on each cluster. In total 28 point-like sourgege SOn we decided to consider only the spectra of point-likecesl
found in 13 X-ray cluster images. with a measured redshift.

We found the redshifts for nine point-like sources, six of The three point-like sources with a measured redshift withi
them located far from the redshift of the cluster. The remaithat of the corresponding cluster were located in two chsste
ing 19 point-like sources do not have an associated regshift CL J0152.7-1357 (two, Fig. 12) and MACS JO64#7D15 (one,

is not possible to know if they are located in the cluster ongl Fig. 15). Thus the spectral fitting was performed for thesatpo
our line of sight. like sources. The apertures for the extraction were seladte

01t

Cts/s/keV

0.01 &

Residuals (gs)

13 Visually confirmed by four members of our team.
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Fig. 10: Point-like source (small circle) within a 2 Mpc radi(big circles) centered in MACS J2129-0741. LéfIM-Newton
MOS-1 camera image. Righthandra image, where no point-like sources can be appreciated.
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Fig. 11: Spectral fitting for the two point-like sources in @& J0717.53745. Left: source number 1 extracted from a circular
region of 10” from MOS-1, MOS-2 (down spectra) and pn (up s@@acameras. Right: source number 2 extracted from circula
regions of 8” from MOS-1 and MOS-2 cameras.

pending on the size of the source, from 6” to 10”. Figures 83,1 No reference is found in the literature for the point-like

16 and Table 5 summarize the results obtained for theseagttinsource detected in MACS JO64#7015, thus its AGN nature

that were done using an absorbed power law model, that in @ihnot be confirmed.

cases gav€ ~ 1.8 and luminosities of the order of 40ergy's.

Both spectral shapes and luminosities are compatible Withet .

point-like sources being AGN. 3. AGN in galaxy groups

The two point-like sources found in CL J0152.7-1357 werg ; The sample and the data

already reported as AGN in Demarco et al. (2005). Ffiman-

dra data they found luminosities L(2-10 ke¥)1.28x 10** ergs The sample was selected from the ten galaxy groups in La-

and 1.96x 10* erg's when fitting a power law model. Thesegana et al. 2014 (in prep.). From the ten groups, we found X-

values are higher than ours, probably due to tifizcince in the ray data in theChandra archives for nine of them (excluding

slope of the power law, and thefitirent instruments used for theRXCJ2315-0222)Chandra data were used to search for evi-

analysis. In both AGN they found a broad Mgh2798) emis- dence of AGN in the group. We assess that there is an AGN when

sion line, characteristic of AGN. a point-like source is detected in the 4.5-8.0 keV energydban
Six groups did not show such point-like source€imandraim-
ages (NGC 1132, RBS 461, NGC 4104, NGC 4325, A 1991, and
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Fig. 12: Color image of CL J0152.7-1357, combining the agtfdters z (red) and v (green) frorBubaru telescope, and the
XMM-Newton 0.3-8 keV (blue). The white circles represent tradyeed AGN. North is up and East is to the left.

IC 1262), while the remaining three did (UGC 842, NGC 5098.2.1. Chandra data
and AWM4). The properties of the galaxies studied in thiskvo

r . . . .
are listed in Table 6. Chandra observations were obtained with the ACIS instrument

(Garmire et al. 2003). The data reduction and analysis were
made in a systematic, uniform way using CXC Chandra Inter-
3.2. Methodology active Analysis of Observations (CIA¢), version 4.3. Level 2

. . event data were extracted by using the tasls-prOCESS-EVENTS.
The methodology is focused on the spectral analysis (a5t We firstly cleaned the data from background flares using the

model will not be applied to the images because one galaxy Per., ., % 15 a5k that removes periods of anomalously-low (or
group is studied and the group emission is not strong), arsd ;

. 7 . . . h h) count rates from light curves, from source-free backgd
made foIIowmg prescriptions given in Hernandez-Garcilalet regions of the CCD. This routine calculates a mean rate from
(2013). We review the method below.

which it deduces a minimum and maximum valid count rate, and

14 httpy/cxc.harvard.edigiao4.4
15 httpy/cxc.harvard.edgiagahelglc_clean. html
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Table 5: Spectral fittings of the AGN in clusters.

AR DEC z Ny * T ¥?  Leott* Lpad®
(1) ) ©) (4) G ® O @©
CL J0152.7-1357 0.831 _ 0.0132

015243.7 -135902 0.8201
0152399 -135742 0.8672

- 1.%' 1.42 1.00 1.97
- 1. 135 1.30 3.61

MACS J0647.47015  0.591

0.0544

064738.1 701527

06914 0P 156% 1.26 201 455

*Ny in units of 1¢?cm2, and luminosities in 1 erg s 2.

Table 6: Properties of the groups.

Name RA
(1) (2
uGC 482 32.4617

DEC z

Gal. Lat.
(3) (4) (5)

-6.2375 0.0395 -54.42

NGC5098 200.0675 33.1442 0.0379+81.34
AWM4 241.2375 23.9206 0.0318 +46.49

RX J0152.7-1357
F T

0.01 |

Cts/slkeV

103 L

10*
2

Residuals (gs)

2
Energy (keV)

-13.970 -13.960

-13.980

-13.990

R 28.210 28.200 28.190 28.180 28.170 28.160 28.150

N
142000

5x10% |

2x10°%

Cts/s/keV

10°®

P T
S | Hﬁ %LTT#T -

1

Residuals (gs)
o

5

Energy (keV)

Y

28.220 28.200 * 28180 -~k ' 28.160 " +..28.140 28.120 28.10f
a

.990 -13.980 -13.970 -13.960 -13.950 *-13.940 -13.930 -13.92

Fig. 14: Image (up) and spectrum (bottom) of one of the AGN
(abovein Fig. 12) from ObsID. 0109540101 of CL J0152.7-1357
(8” aperture, big blue circle). Only data from MOS2 camera wa

Fig. 13: Image (up) and spectrum (bottom) of one of the AGRVailable, because the source appeared in the gap in the othe
(below in Fig. 12) from ObsID. 0109540101 of CL J0152.7-135%&meras. The big green circle is the extracted region that ac
(10" aperture, small blue circle). The big green circle isbiack- counts for the background.

ground region.

To extract the spectra, we used an algorithm that searches fo

creates a file with those periods which are considered to be géhe position of the nuclear source, by selecting the closesty

by the algorithm.
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group, trying to get all the possible photons, but not intgigd 0.02 |
other sources or backgrounffects. The background selection |,
was made taking regions free of sources, in the same chigas th :
target, and close to the source, to minimifieets related to the > 5*10°
spatial variations of the CCD response. %

The bpMmextrACT task was used to extract the spectra &
the source and background regions. The response matrix file 10s |
(RMF) and ancillary reference file (ARF) were generated for
each source region using théxacisrmr and MKwARF tasks, re-
spectively. Before the background subtraction, the spegtre :
binned to have a minimum of 20 counts per spectral bin, so We 1 :
are able to use thg?-statistics. This was made by using thee- S
pHA task included inrFroots.

2x10°%

5x104 |
2 ¢

s)

Residual

3.2.2. XMM-Newton data Energy (keV)

The extraction of’XMM—Newton spectra was done following
prescriptions given in Sect. 2.2.2. Nuclear spectra wetraeted
from 20-30” radius circular regions centered at the cenfi¢éhe®
group.

3.2.3. Spectral fit R
All the galaxy groups studied in Lagana et al. (2014) aretkxta

at redshifts below 0.06, and therefore larger count rates ¢
AGN than those found in the galaxy clusters (studied in S¥ct.
are expected. For this reason we will use single and also c¢
posite models to fit the spectra and select the one that befter

resent them. The spectral fitting was made using XSPEC vers

12.7.0. To guarantee a proper spectral fit, only observaitiotin Fia. 16: | d t bott f detected AGN
alast 400 number coun wil b ied. Following he prgsc - om0 (LF) 20 spectim (boiom) ofau detect
tions in Gonzalez-Martin et al. (2009) for the spectralfgs, six p,e circle). Only data from MOS2 camera were available, be-

dggergpt models were used, where only VME model has begfyse the source appeared in the gap in the other cameras. The
adaed: big green circle is the region selected for background.

102.100 102.050 102.000 101.950 101.900 101.850 101.800

a.ZlO 70.220 70.230 70.240 70.250 70.260 70.270 70.280

1. ME: A pure thermal model (MEKAL in XSPEC). The ther-
mal gmi_ssion is responsible forthe buII_< of the X-ray energy ME2PL: A composite of a thermal plus two power laws
distribution. The free parameters in this model are the col- mdel. This model is like MEPL but including the contribu-
umn densityNy, the temperaturéT, and the normalization,  tjon of the thermal emission at soft X-rays. The free param-

Norm. eters in this model are the column densitilgg andNya,
2. VME: A MEKAL mod.el where the abundances can vary.  the temperaturekT, the slope of the power-law, and the

The free parameters in this model are the column density, normalizationsNorm; andNor m.

Ny, the temperatur&T, the abundances and the normaliza-

tion, Norm. . For models 2PL, MEPL and ME2PL we used two absorbers,

3. PL: Asingle power law model, which corresponds to a noRg,; and Ny,. These absorbers are included in the models as
thermal source representing an AGN. The column dens'b)bs(\lHl)*PL + absfNu2)*PL, abs(Nu1)*Mekal + absN2)*PL,
Ny, is added as a free parameter, to take the absorptiondiy absiy,,)*(PL) + Mekal + abs@Nu2)*PL. In the case of the
matter between our galaxy and the target nucleus into 8aviE model, all the abundances were left free to vary, fregzin
count. The free parameters in this model are the column defach abundance when the value was compatible with zero.-More
sity, N, the slope of the power-law;, and the normaliza- gyer, Galactic absorption has been fixed to the predictedeval
tion, Norm. o . using thens tool in rrooLs (Dickey & Lockman 1990; Kalberla

4. 2PL: A model containing two power laws with the samgt a1 2005). We searched for the presence of the neutralliron
slope,I". Here the bulk of the hard X-rays is due to a primangrescence emission linEgKa, adding a narrow Gaussian with
continuum described by a power law and the soft X-raygntroid energy fixed at the observed energy correspondiag t
come from a scattering component described by the othgkt frame at 6.4 keV. Two Gaussian lines were also included t
power law. The free parameters in this model are the columfhdel recombination lines, FeXXV at 6.7 keV and FeXXVI at

densitiesNiy1 and Ny, the slope of the power-law, and .95 keV. These are typical lines found in AGN.
the normalizationdNorm; andNorn.

5. MEPL: A composite of a thermal plus a single power law
model. The AGN dominates the hard X-rays, but the soft3. Results
X-rays require an additional thermal contribution. Theefr
parameters in this model are the column densitigg, and
Nn2, the temperaturdlT, the slope of the power-law, and
the normalizationgNorm; andNorn.

®The results are discussed individually for each point-$ikarce
in the following.
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Fig. 15: Color image of MACS J0647+7015, combining the optical filters b (green) and v (bluejfrihe WYIN telescope, and
the XMM—Newton 0.3-8 keV (red). The white circle represents théiposof the analysed AGN.

Fig. 17: Left: Chandra image of UGC 842, where a point-like source can be appretiatthe 4.5-8.0 keV band. Right: Color
optical image in the g and r filters of the UGC 842 group with@#eHT telescope. The red rectangle represents the location of the
X-ray source (not to scale).

3.3.1. UGC 482 UGC 842 was classified as a BL Lac object by Brinkmann et al.
UGC 842 (z0.045) is a bright elliptical galaxy and the grou 2000) usingROSAT data, who made a spectral analysis and ob-

g . . : ainedl’ = 1.88[1.37-2.63].
is in an extended halo with a radius of 4300 kpc) in the sky. ;
Voevodkin et al. (2008) studied tHéMM-Newton data and ex- We use ondhandra observation (ObsID. 4963) from 2005

tracted the spectra of the group from a 130" radius apefiimey with 39.8 ksec exposure time, and axkIM-Newton observa-
fitted a thermal model and obtained KT1.90* 0.30 keV, Z— tion (ObsID. 0153170101) from 2003 with 22.2 ksec exposure

0.34* 0.12 Z, and L(0.1-20.0 keV}: 1.63* 0.05x 10%erg s L. time. Figure 17 (top) shows the point-like source preserién
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center of the group (an optical image is provided in the lmjto UGC842 — 0153170101
The results of the spectral fit are listed in Table 7.

The Chandra spectrum was extracted from a circular region
of 3" aperture radius. This source has 212 total count number
not enough to make a proper spectral fitting. Therefore, \Mmlco> |
not useChandra data. 001 L

TheXMM-Newton spectrum was extracted from a 20” radlu% :
circular region (Fig. 18). The spectrum has 1084 countsén th
total energy band (0.5-10 keV). The best fit model is a conteosi
of a thermal plus two power laws and two absorbers, with=kT 10° ¢
1.61 [1.35-2.04] keVI" = 2.05 [1.69-2.64] and logL(2-10 keV) 5 2t
= 42.04 [42.02-42.07]. In order to improve the fit (see resislug® 1f
in Fig. 18) we changed the ME component for the VME, butﬁ 0f
resulted in a similar fity? = 1.40). i

Resid
I
N

3.3.2. NGC 5098 - Energy (keV)

NGC 5098 s located in the RGH 80 group=(2037). Xue et al. Fig. 18: TheXMM-Newton spectrum of UGC 842. The residuals
(2004) studied the group from the&MM-Newton observation gre shown in the bottom panel.

from 2003 and fitted the spectrum with a two-temperature thode

with temperatures of KE 0.82 and 1.51 keV and Galactic ab-

sorption, finding that the group is relatively gas rich anehilu  2008), which is a giant galaxy of a type known as a “Cluster
nous. Dominant Elliptical". Gastaldello et al. (2008) found a bwlet-

Kollatschny et al. (2008) classified NGC 5098 as a low iomic luminosity of logL(0.1-100 keV)= 43.59* 0.01 and a tem-
isation nuclear emission line region (LINER) and usR@SAT perature of kT= 2.48* 0.06 keV for the group. O’Sullivan et al.
data found an X-ray luminosity of logL(0.1-2.4 ke¥)42.51. (2010) usedChandra and Giant Metrewave Radio Telescope
This galaxy has a companion which is classified as non-acti¥sta to study the interaction between the intracluster omedi
and is not visible in X-rays. We have marked this galaxy witha@nd the central radio source in the relaxed group AWM4. In the
red cross in Fig. 19 (up), and both galaxies can be seen abbptChandra observation a small cool core or giant corona was re-
frequencies (bottom). solved coincident with the radio core. They found emissipn u

Randall et al. (2009) studied ti€handra observation from to 3 keV, and they suggested that the poor emission above this
2005 and found that NGC 5098 shows evidence for both AGdhergy might be related to an AGN or low mass X-ray binaries
heating and gas sloshing. They extracted the spectra of@i¢ A(LMBX).
with a 1.8” radius aperture, and fitted a PL model, obtaining a We use one&Chandra observation from 2008 (ObsID. 9423)
spectral index of’ = 1.937 0.16 and a luminosity oE(0.6 — of 75.5ksec exposure time, and axXgIM-Newton observation
7keV) = 1.4x 10Merg s 2. from 2003 (ObsID. 0093060401) of 29.1 ksec exposure time.

We use on€handra observation in 2005 (ObsID. 6941, 39.1The results of the spectral fit are listed in Table 7.
ksec), and on&MM-Newton observation (ObsID. 0105860101) TheChandra spectrum was extracted from a 3” radius circu-
in 2003 of 33.6 ksec of exposure time. The results of the spleclar region. The spectrum has 276 counts, not enough for a&eprop
fit are listed in Table 7. spectral fitting. Therefore we cannot use this data.

TheChandra spectrum was extracted from a 2" radius circu- The XMM-Newton spectrum was extracted from a 30" ra-
lar region from ObsID. 6941 (see Fig. 20 to the left). The spedius circular region (Fig. 22). The number of counts in the to
trum has 404 counts, enough for a reliable spectral fittirge Ttal band is 6303. The best fit resulted in a pure thermal model
best representation of the data is a combination of a mekal p{MEKAL), with kT =2.73[2.62-2.83] keV and logL(2-10 keV)

a power law model, with k= 0.76 [0.58-0.96] keV[' = 1.76 =42.27[42.26-42.28]. The He-like iron (Fe XXV) emissiondin
[1.45-2.03] and logL(2-10 keV5 41.74 [41.68-41.81]. at 6.7 keV typical in galaxy clusters (e.g., Molnar et al. 800

TheXMM-Newton spectrum was extracted from a 30" radiuis present, so this means that the contribution of the grsup i
circular region centered on the source (see Fig. 20 to tt)rig present in the spectrum. We made a spectral extraction with a
The spectrum has 10388 counts. The best fit model resultedsinaller aperture radius, and the presence of this line reedai
a composite of a thermal plus two power laws model with twi/e exclude the possibility of this line being tfeKa at 6.4
absorbers (ME2PL), with k' 0.87 [0.86-0.88] keVI" = 2.27 keV observed in AGN since the source is better fitted with-ther

[2.22-2.40] and logL(2-10 keV5 41.82 [41.80-41.85]. mal models, in contrast with the power law expected from AGN.
Fig. 20 shows th€handra (left) and XMM—Newton (right) Thus, since the best fit model in ti&M—Newton spectrum
spectra for this source. is related with thermal emission and we do not find a PL compo-

Our results agree well with those from Randall et al. (2009)ent, we cannot confirm the existence of an AGN in AWM4. If
The discrepancy between the luminosity obtained by Kdhere is an AGN it is contaminated by emission from the group,
latschny et al. (2008) and ours is most probably due to the difs can be seen XMM—Newton data due to the presence of the
ferent instruments and energy bands used for the analysis. emission line at 6.7 keV.

3.3.3. AWM4 3.3.4. General results of galaxy groups
AWM4 (z = 0.0317) is a poor cluster with extended and regWe have studied three point-like sources, one per galaxypgro

lar X-ray emission, dominated by NGC 6051 (Gastaldello et alwo of them were classified as AGN (namely UGC 842 and
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10"

Fig. 19: Left: TheChandra image of NGC 5098, where a point-like source can be appeztiatthe 4.5-8.0 keV band. The red
cross corresponds to the companion galaxy that can be @gsatwoptical wavelengths. Right: Color optical image inghend r
filters of the NGC5098 group with theFHT telescope. The red rectangle represents the location of-tiag source (not to scale).
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Fig. 20: Left:Chandra spectrum of NGC 5098. RighkMM-Newton spectrum of NGC 5098. The residuals are shown indtten
panels.

Fig. 21: Left:Chandraimage of AWM4, where a point-like source can be appreciatabe 4.5-8.0 keV energy band. Right: Color
optical image in the g and r filters of the NGC5098 group with@FHT telescope. The red rectangle represents the location of the
X-ray source (not to scale).
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Table 7: Spectral fit models for the point-like sources inghaups.

Name Instrument Best fit NH1 NH2 kT r ¥?/d.o.f logL
(10%2cm2)  (10%2cm2) keV (2-10 keV)

@) @) ©) @) O (©) @ ®) ©)
UGC 842 XMM ME2PL  0.04%3 46.48%1% 16 2;%‘81 2.05%  1.33 42.045%7
NGC5098 Chandra  MEPL 0.7% 1768 149 4174181
XMM ME2PL 0384 186832 0.8 Egg 2.2 2}§§ 121 4183100
AWM4 XMM MEKAL  0.029 2.7%%2 0.98 422 ’gg

NGC 5098), and we confirm their classifications in this worl
since a PL component is needed to fit their spectra. We can

confirm the AGN nature of AWM4 since a thermal model wa 455/ 9 Sroubs
needed to fit its spectrum. O Guennou et al. (2014)
45.0H—— Takey et al. (2013)
= 4asl
4. Preliminary conclusions and future prospects = e
NS]
The Ly — T relation was studied by Takey et al. (2013) for —
sample of~ 500 clusters and groups. They found the followin =
relation: S
a
<
&

log(h(2)"'L) = 44.39+ 2.80|og('%) 2)

whereh(2) = [Qu(1 + 2) + QA]Y? is the Hubble constant nor-
malised to its present-day value. We note that they usedithe . 05
minosity in the 0.1-2.4 keV energy band. However, the eroissi log(kT)(keV)
at hard energies in clusters is not too strong so we can com-

pare whether our estimates agree or not. The X-ray luminokig. 23: X-ray luminosity in the 0.5-8.0 keV energy band cor-
ties in the 0.5-8.0 keV energy band corrected li(@) against rected for h(z) against the temperatures. Galaxy groupge(gr
the temperatures for the galaxy groups and clusters studiectircles) and clusters (red triangles) studied in this wortt elus-
this work are represented in Fig. 23. From this we confirm thigrs studied in Guennou et al. (2014) (yellow squares) age pr

galaxy groups are less luminous and have smaller tempegatented. Points with a black c_iot in the center are cIu_stersthe
than galaxy clusters. the spectral fit was done using a MEKAL model with a fixed

kT= 5 keV. The solid line is the relation given by Takey et al.
AWM4 — 0093060401 (2013), while the grey area is the range of values in theiptam

oty LA

1.0 15

previous works (Ebeling et al. 2007). In the same plot, the re
lation from Takey et al. (2013) is represented as a solid, line
while the range of values presented in their work can be sgen a
a grey area. We find that the estimations for the galaxy dlsiste
agree well with the relation given by Takey et al. (2013). How
ever, the groups seems to have an excess in the temperature or
the luminosity estimations. We plotted a grey area repitésgn

HWH ‘ ‘ k ‘ wL Jﬁ the range of values obtained by Takey et al. (2013), where the

| B values obtained for the galaxy groups in our sample fit. We no-

0.1 |

Cts/s/keV

0.01 L

\M

i

- it ] tice that this relation is used only to check whether ourltesu
| H }[ + 9 agree with previous works and that it is out of the score f thi
‘ 9 work. Moreover, we note that the comparison between galaxy
5 : - — groups and clusters must be taken with caution for the faligw
Energy (keV) reasons: 1) galaxy groups are located at smaller redshif@s )
than clusters (20.4) in our sample, thus evolutionarffects that
Fig. 22: TheXMM-Newton spectrum of AWM4. The residualsye did not take into account are probably playing a role, gnd 2
are shown in the bottom panel. groups have smaller masses than clusters, and therefgraréhe
more sensitive to non-gravitationdfects such shocks, AGN or
From Fig. 23, we find that the X-ray luminosities and tensupernovae explosions.
peratures of galaxy clusters in Guennou et al. (2014) and our This is an exploratory work with the main purpose of search-
agree well. We note that the temperature of one of the chustarg for AGN candidates in galaxy groups and clusters. We doun
analysed in this work (namely MACS J071%3745) is higher three AGN out of the nine groups with X-ray data in the sample
than the rest of the clusters. Note however that our estimati of Lagana et al. (2014). These AGN candidates were located in
the spectral parameters is compatible with those obtaireed f the center of the group, and other sources were not observed.

Residuals (gs)

|

J
|

il
!
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In the case of galaxy clusters, we found a total of 28 point-
like sources in 13 clusters of the DAPFHADA sample (from
the joint analysis in Guennou et al. (2014) and in this work).
Among them, 19 sources do not have a measured redshift. Based
in the luminosities of the point like sources, we cannot akidc
the possibility of these objects being located out of thestely
and therefore we conclude that the measure of the redslaft is
must in this kind of studies. Moreover, we have identifiedrfro
one to five point-like sources on each cluster, meaning that o
sample is scarce and needs to be completed for a proper char-
acterization of AGN in galaxy clusters. Thus, in order to mak
this kind of study, a large sample of galaxy clusters withewbs
vations at optical and X-ray wavelengths is required. Trasih
allow the selection of AGN candidates at X-ray frequences!
the measure of redshifts at optical frequencies.

The DAFT/FADA collaboration will allow to measure the
redshifts of those 19 point-like sources, once all the aptiear
infrared data for calculating photometric redshifts isikalde.
Furthermore, the DAFFADA sample will contain~ 90 clus-
ters, so this sample should be explored in order to comiéte t
preliminary study. From this study it should be possibleftare
acterize AGN around galaxy clusters, and answer quest&ns a
are they brighter or fainter than the average? how does thsede
environment at the clusters outskirtgect AGN evolution?
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Variability in ultraluminous X-ray

sources

Among the variety of sources emitting at X-rays, ultraluminous X-ray sources (ULXs) are
of special interest for this work, because they emit luminosities in the same range than LINERs.
Nevertheless, it is well established that different emission mechanisms, i.e., different models,
must be used for the spectral fits (Sutton et al. 2013). In this chapter we study the X-ray
variability of ULXs using Fourier techniques. On one hand, we can obtain information about
the way in which variations occur in ULXs. It is worth noting that short-term variations are
observed in the ULXs studied here, and part of this chapter is devoted to those variations.
Notice that the approach to search for variability, based on the determination of time delays
between two energy bands, is different from that performed for LLAGN.

This work was carried out during a MINECO Ph.D short-stay (two months) at the University
of Leicester (UK) in 2014, under the supervision of Dr. Vaughan. The paper presented in this
chapter is nearly ready to be submitted to Monthly Notices of the Royal Astronomical Society.
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ABSTRACT

We present our analysis of the X-ray variability of two Ultnainous X-ray Sources (ULXSs)
based on multiplXMM—-Newton observations. We show the linear rms-flux relaqrésent

in eight observations of NGC 5408 X-1 and also in NGC 6946 Xt data from other ULXs

is generally not sflicient to constrain any rms-flux relation. This relation wasvipusly
reported in ULXs only in two observations of NGC 5408 X-1; eesults show this is a per-
sistent property of the variability of NGC 5408 X-1 and exieito at least one other variable
ULX. We speculate this is a ubiquitous property of ULXs vhiiidy, as it is for X-ray variabil-

ity in other luminous accreting sources. We also recovetithe delay between hard and soft
bands in NGC 5408 X-1, with the soft bandl( keV) delayed with respect to the hard band
(>1 keV) by up to~10 s (~0.2 rad) at frequencies abowdéew mHz. For the first time, we
extend the lag analysis to lower frequencies and find sontkeree for a reversal of the lag,
a hard lag of~1 ks at frequencies 6f0.1 mHz. Our energy-resolved analysis shows the time
delays may be concentrated around the 0.6—1 keV region. v &hat the lag is unlikely to
be a result of reflection from an accretion disc (‘reverieratbased on the lack of reflection
features in the spectra, and the large size of the reflectemred from the magnitude of the
lag. We also argue that associating the soft lag with a QRaspdic Oscillation (QPO) in
these ULXs — and drawing an analogy between soft lags in Ulixkssaft lags seen in some
low-frequency QPOs of Galactic X-ray binaries — is prematur

Key words: X-rays: general — X-rays: individual: NGC 5408 X-1 — X-raysdividual:
NGC 6946 X-1

1 INTRODUCTION variety of X-ray spectra and the coarse variability prajsrof in-
dividual objects may be consistent with a model in which rivass
radiatively-driven winds are launched from a geometnjcétfick
accretion disc, bloated by the advection of its hot inneromesg) to-
wards the black hole, and a combination of the collimatiothefX-
radiation emerging from the innermost regions of the ammetow

by the optically thick wind and the viewing angle of the olvesr
dictates what is seen (Poutanen et al. 2007; King 2009; i$attal.
2013; Middleton et al. 2015). However, this may not expldin a
ULXs, which we now are certain to be a heterogeneous populati
after the discovery of pulsations from a luminous ULX in M 82,
demonstrating that it hosts a neutron star (Bachetti etGl4p
Additionally, there is evidence that at least some of thgHigst
ULXs may still harbour the long-sought intermediate-massi
holes Mgy ~ 100— 1000QM,, e.g. Farrell et al. 2009; Sutton et al.
2012; Mezcua et al. 2015). So, much work still remains to beedo
to understand both the composition and the accretion phygs$ite
ULX population.

In recent years substantial progress has been made in tamténg
the nature of ultraluminous X-ray sources (ULXs). Thesecty
are X-ray sources located within, but displaced from thdeus
of, nearby galaxies, that display observed X-ray luminesiin ex-
cess of 18° erg s (see Feng & Soria 2011, for the most recent
review). In particular, there is strong evidence for threkatively
nearby ULXs containing stellar-mass black holbs g ~ 10M,),
and so accreting at super-Eddington rates (Middleton e2(Hl3;
Liu et al. 2013; Motch et al. 2014). The last of these objexizar-
ticularly important as it directly links super-Eddingtomission to
the peculiar X-ray spectrum displayed by many bright ULXee(s
e.g., Stobbart et al. 2006; Bachetti et al. 2013), and so®tep
the notion of some ULXs accreting in a new, super-Eddingtibn
traluminous stat€Gladstone et al. 2009; Sutton et al. 2013). The
physics of this state are only just emerging, but it appdaasthe

* E-mail: lorena@iaa.es X-ray variability can be a powerful tool for investigating-|

© 2015 RAS
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Figure 1. rms spectrum (black) and mean spectrum (blue) of (left): Ni@@8 X-1 using the 2010 and 2011 observations, and (righ®)CI8946 X-1 using
the 2007 and 2012 observations. The lower panels show tbe between the rms and the mean spectrum. We used segmenptsstdrt length of 10.4 s
respecting the “good” time interval list, and segments ok4€c duration for the estimation of the rms.

minous, accreting black-hole binaries (BHB, Remillard & ®iim-
tock 2006) or active galactic nuclei (AGN, Vaughan et al. 260
The study of X-ray variability has been made for a few ULXs us-
ing different approaches, from changes in their light curves (Butto
et al. 2013), the study of quasi-periodic oscillations (QR®.,
Dheeraj & Strohmayer 2012; Caballero-Garcia et al. 2018),
rms-flux relation or time delays betweenffdrent energy bands
(Heil et al. 2009; De Marco et al. 2013b). However, the stutly o
variability in ULXs is hampered by their relatively low courates,
and usually requires long exposures in order to recover the s
tistical properties of the ULXs variability. For exampléetrms-
flux relation or time lags have to date been detected in only on
ULX, NGC 5408 X-1. Heil & Vaughan (2010) first showed that
this source follows the rms-flux relation from twGMM—Newton
observations. This property of the X-ray variability seetnse
ubiquitous among Galactic black hole X-ray binaries (XRBY a
also AGN (Uttley & McHardy 2001; Uttley et al. 2005; Heil et al
2012). The discovery in NGC 5408 X-1 demonstrates a strong co
nection between at least this ULXs and the better-undelstoe
creting black hole systems in XRBs and AGN. Heil & Vaughan
(2010) also studied time delays between the soft and harayX-r
energy bands in NGC 5408 X-1 and found a soft lag, i.e., varia-
tions in the soft photons lag those in hard photons at mHaigrg
cies also in NGC 5408 X-1. This result was later confirmed by De
Marco et al. (2013b), who studied skMM—Newton observations
to study the QPO and the soft time lag.

Here we revisit th&KMM—Newton observations of ULXs, con-
centrating on NGC 5408 X-1 and NGC 6946 X-1. Our focus is on
the frequency dependent time lags (extending to lower &rqies
than previously published) and confirming and extendingathe
published example of the rms-flux relation in a ULX. This paige
organised as follows: in Sect. 2 we describe the data useithdor
analysis and the data reduction, in Sect. 3 we present thélums
relation for the two ULX, and in Sect. 4 the cross-spectruralyn
sis and the results of the coherence, time and phase deththan
phase lag spectrum. Finally, the results derived from thigysare
discussed in Sect. 5.

Table 1. Observational details.

Object ObsID Date g TP
(ksec)  (ksec)
NGC5408 X-1 0302900101  2006-01-13 130 99
0500750101  2008-01-13 113 47
0653380201  2010-07-17 104 60
0653380301  2010-07-19 128 111
0653380401 2011-01-26 119 90
0653380501 2011-01-28 124 95
0723130301 2014-02-11 35 34
0723130401 2014-02-13 33 32
NGC6946 X-1 0500730201  2007-11-02 28 25
0500730101 2007-11-08 33 31
0691570101 2012-10-21 114 99

a Exposure time before the flares correction.
b Duration after the flares correction (see text).

2 DATA REDUCTION

In this paper we focus on the multipgMM—Newton observations

of NGC 5408 X-1 and NGC 6946 X-1. These are among the bright-
est and most variable known ULXs and have some of the longest
publically availableXMM-Newton observations. We have in fact
performed much of our analysis on all 20 ULXs in the sample dis
cussed by Sutton et al. (2013), but for the other 18 soureeddta
were not sfficient to obtain meaningful constraints from the time
lag and rms-flux analyses. We us€iM—Newton archival data up

to March 2015. The log of the used observations is given irleTab
1.

For these objects we rejected the observations with exposur
times shorter than 10 ksec because the analysis was pedarsne
ing continuous segments of this length in order to reach lew f
quencies. To obtain a high signal-to-noise ratié\)Sve combined
data from EPIC pn, MOS1, and MOS2 detectors. We forced MOS
and pn light curves to have the sanyearr andtstopr. The event
files for the source were extracted from circular region®(ape
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Figure 2. rms-flux relation in the soft (0.5-0.9 keV) and hard (1.2-¥kenergy bands for (left): the four observations from 206 2011 of NGC 5408 X-1,
and (right): the 2012 observation of NGC 6946 X-1. The rmsésasured over the 4-50 mHz frequency range from segmentsgihlé50 s (NGC 5408 X-1)
and 250 s (NGC 6946 X-1). The dashed lines show the 95% “caord@bands” around the best-fitting linear model.

radius of 40 and 2% for NGC 5408 X-1 and NGC 6946 X1}
and for the background from rectangular regions using thenSe
Analysis Software (SAY, version 13.0.0. Standard event patterns
(parteErnN < 4 for the pn detectopartern < 12 for the MOS detec-
tors) and filter fLac = 0) were used.

The subsequent analysis was carried out using IDL soffare
The ULXs are relatively weak sources (in some case31 cfs

Finally, we obtained an rms spectrum (defined as the square
root of the normalised excess variance; see Vaughan et@sb20
for details) of the source (see Fig. 1), and checked at whiehgtes
variability is found in order to select the energy bands. $pec-
tral analysis performed by Middleton et al. (2011) showesrteed
of two spectral components to fit the spectrum of NGC 5408 X-1,
which are separated at1 keV. Therefore, we will take 1 keV as

in the 2-10 keV band), and so may be overwhelmed by the back- the separation point for the energy band selection. Frosrethaly-

ground during periods of high and flaring background. Stitwanzk-
ground flares may introduce spurious variability and tings lato
the data (the spectrum of a background flare evolves with)time
not properly excluded from the data. In order to mitigateirgia
this, we carefully filtered each observation for backgrotiades
as follows. A light curve of the background was extractedhia t

sis we selected the soft and hard energy bands as 0.5-0.9kkV a
1.2-7.0 keV as these were the bands where the strongegtomssia
were found.

3 RMS-FLUX RELATION

1-12 keV energy band using 2.6 s bins and smoothed using a 500

s width boxcar filter to improve the/S. We manually selected a
suitable background threshold for each observation, akdieh
data were considered to b&ected by background flares, and ex-
cluded from further analysis. The background thresholdeevire
the range 0.028-0.036/stfor the NGC 5408 X-1 observations, and
in the range 0.010-0.015/stfor the NGC 6946 X-1 observations.
Col. 5 in Table 1 shows the total amount of “good” exposure
time after these high background periods have been exclled
notice that the rms-flux analysis (Sect. 3) and the crosstigpec
analysis (Sect. 4) were each carried out using equal leegthents
of continuous good data, but the lengths of the segmentsfased
each analysis werefliérent. This is because the rms-flux analysis
concentrates on the higher frequency (i.e., shorter tielesuaria-
tions (the “red noise” part of the PSD) while for the crosscépen
analysis we are interested in the variability propertieloveer fre-
quencies (i.e., longer timescales). Requiring fixed lesgdments
of uninterrupted good time means some small intervals oflgoo
time were not used; the amount of “good” data used for each ana
ysis is therefore slightly diierent (lower) for each observation than
the “good” duration given in Table 1.

1 PN data of obsID 0200670301 and 0200670401 were extraateu dt-
liptical regions to avoid the gaps of the detector.

2 httpy/xmm.esac.esa.ilsag

3 Available from httpy/www.star.le.ac.ylsavZidl.html
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In this section we describe our analysis of the rms-flux iatat
in these two ULXs. The analysis follows closely the analysfis
Heil & Vaughan (2010) and we refer the interested readeri® th
paper (and that of Heil et al. 2011) for specific details. Byjave
divided each observation into continuous 150 s and 250 sesggm
of “good” data, for NGC 5408 X-1 and NGC 6946 X-1, and from
each segment computed a periodogram and the mean count rate.
The periodograms were then averaged in eight groups aocprdi
to the mean count rate, and the rms estimated from each. The rm
is the square root of the Poisson noise-subtracted varidisedf
computed by integrating the average periodograms ovey the50
mHz range. The analysis was performed for a soft and a hawd ban
Linear models of the formr = k({F) — C), whereF is the flux and
k (i.e.,do/d(F)) andC are constants, were fitted to the rms-flux
data using weighted least squares (ipih We also estimated the
95% “confidence bands” around the best-fitting linear modé.
randomly generated 500 models, each one from the diswibuofi
parameters (specified by the best-fit values and covariaatexn
and extracted the 2.5% and 97.5% y values at each x value, and
within these we estimated the 95% confidence band.

Heil & Vaughan (2010) demonstrated a positive, linear rms-
flux relation for the harder band data during the 2006 and 20808
servations of NGC 5408 X-1. Appendix A shows the rms-flux+ela
tions for the 2010, 2011 and 2014 observations (the bestfilitn-
ear model parameters were consistent between the two 2@&0-ob
vations, between the two 2011 observations, and betweenvthe
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2014 observations, and so the closely spaced pairs of atigeTy
were combined). In agreement with the results for 2006 af@8 20
obtained by Heil & Vaughan (2010), the 2010, 2011 and 2014 ob-
servations also show the rms-flux relation in the harder lutatd,
that are well fitted by a linear model £0.05 in all cases), although
the parameters are slightlyftrent between the three years. These
detections (in the sense that the gradient R) are significant at
the 4.8, 7.8 and 6.& levels, respectively. We notice that the
gradients and intercepts between the 2010 and 2011 obisexyat
are consistent within theo2level, so we have combined the four
observations. Fig. 2 (left) shows the rms-flux relation farge ob-
servations of NGC 5408 X-1, whose detection is significarthat
7.20- level in the hard energy band.

The soft band appears significantlyffdrent (see left panel in
Fig. 2, and Appendix A); the gradiektis much smaller. The gradi-
entk gives the fractional rms after subtracting any constantdiux
rms components; the much lower gradient in the soft bandates
that, even after removing any constant component, theidrzadt
amplitude of the variability is greatly suppressed. A linesdel
fits well the data (p> 0.05), although all the detections are below
the 3r level, so the rms-flux relation cannot be confirmed in the
soft energy band of NGC 5408 X-1.

We also show the rms-flux relation for NGC 6946 X-1 for the
first time (Fig. 2, right panel for the 2012 observation). &&bm
2007 were used together because the linear fit was consixent
tween the observations (see Appendix A), and the 2012 dasa wa
treated separately. The rms-flux relation is clearly detk@b the
hard band at the 4d5and 4.4 level for the 2007 and 2012 data,
respectively. In the soft band the detections are belowa®hough
again we obtain p- 0.05 in every fit.

Therefore, the rms-flux relation is clearly detected in thedh
energy band of both ULXs, but we cannot claim this relation fo
the soft energy band in any of the ULXs.

4 CROSS-SPECTRUM

Here we report our cross-spectrum analysis, which was nalde f
lowing standard procedures (see e.g., Nowak et al. 1999We
tracted the background-subtracted source light curvebansoft
(0.5-0.9 keV) and hard (1.2-7.0 keV) energy bands using biime

of 10.4 s (four times the MOS frame time) respecting the “good
time interval list. We used segments of 10 ks duration, anthfr
these we estimated the power spectra (PSD), coherence, ahds
time lags in the Fourier frequency domain in the standard (seg
e.g., Vaughan & Nowak 1997; Nowak et al. 1999; Vaughan et al.
2003b). The fractional normalisation was adopted and wianell
over logarithmic frequency bins, each spanning a facto? in fre-
quency.

A soft lag in NGC 5408 X-1 was first reported by Heil &
Vaughan (2010) from th¥MM-Newton data from 2006, and later
confirmed by De Marco et al. (2013b) using 3ikMM—Newton ob-
servations between 2006 and 2011. They combined data frem th
same year as stationarity was observed. Since the P3$iEs lok-
tween epochs, as previously noted by De Marco et al. (201&b),
first made the analysis separately for each year, as in Sedte3
found that the variability is stronger in 2010 and 2011 (fobser-
vations in total) and the phase lag spectra appear corsistesh
thus we combined these data in order to obtain a higjfér Bhe
results of the cross spectrum for NGC 5408 X-1 are shown in Fig
3, including the coherence, phase, and time lag betweemtrgye
bands. The soft lag is detected at thedsd|2vel. In Fig. 3 it can
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Figure 3. Results of the cross-spectrum analysis between the s&f0(0.
keV) and hard (1.2-7.0 keV) energy bands for NGC 5408 X-1 $hgw
from upper to lower panels: the coherence; phase-lag; arelltig between
the energy bands. The phase lag abetenHz is is significantly negative,
at around -0.2, corresponding to a time lag~d0 s at~4 mHz. At lower
frequencies the lag becomes consistent with zero or evetivedag in the
lowest frequency band. Middle panel shows a constant maidé¢ldashed
line) and a power law plus a constant model (dashed line) veelfib the
phase lag (see text).

be appreciated that at lower frequencies the sign of the kiige
changes and becomes positive. However, we cannot claimda har
lag because this measurement is at the-2e%el.

Although a similar time lag behaviour is observed in
NGC 6946 X-1 (see Appendix B), thei$of the data is not enough
to confirm the lags, whose detections are significant at tBe 2.
(soft lag) and 1.8 (hard lag) level at high and low frequencies,
respectively.

We fitted two diferent models to the phase lag (see middle
panels in Fig. 3 and Appendix B). The first one is a constantehod
(dot-dashed line), and the second one consists on a powegilaw
a constant (dashed line) as phaseAag= Af~ + B, whereA and
B are constants. The second model fits both sources bettér, wit
A=0.05+0.07,B=-0.21+0.04,a = 1.3+0.7,?/d.o.f =9.2/7
andp = 0.24 for NGC 5408 X-1, and = 0.7+0.7, B = —0.6+ 0.6,

@ =04+04,y%/do.f =19/7, andp = 0.97 for NGC 6946 X-1.
With this model the hard lag at low frequencies hasgac -1
dependence at low frequencies, and a constant phase saft 1ag
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Figure 4.Phase lag spectrum of NGC 5408 X-1 at low (black; 0.1-0.3 mHz)
and high (red; 1-20 mHz) frequencies. These show the aviagdgetween

a given band and the 1-1.5 keV reference band. The high fneguag-
energy spectrum decreases with energy, indicating theepagsbecomes
more negative for widely separated energy bands. The yeagisliferent

for low (left) and high (right) frequencies.

0.2 rad at high frequencies. Therefore the phase lag is mstaot
with frequency, nor is the time lag.

For NGC 5408 X-1 we also computed the phase lag vs. en-
ergy spectrum from the cross-spectra, averaging over ¢geiéncy
bands, i.e., plotting the phase lag vs. energy. Fig. 4 shiogvpltase

ULX 5

be recovered for most observations of NGC 5408 X-1 at frequen
cies above-few mHz, but the phase lag is not constant down to the
lowest frequencies we probe@.1 mHz) and get less negative at
lower frequencies. We find tentative evidence for a hard pegi¢

tive phase lag) at the lowest frequencies.

5.1 The rms-flux relation

Heil & Vaughan (2010) used the 2006 and 2008 observations to
show that NGC 5408 X-1 exhibits a linear rms-flux relation. We
show the relation persists through further observation20h0,
2011 and 2014. The parameters of the best-fitting linear faode
differ between observations, presumably due to modest chamges i
mean flux and PSD shape. We also detected a linear rms-flux rela
tion in the 2012 observation of NGC 6946 X-1, demonstratirag t
NGC 5408 X-1 is not uniqgue among ULXs. We were unable to ob-
tain useful constraints on the possible rms-flux relationsther
ULXs from the sample of Sutton et al. (2013). As NGC 5408 X-
1 and NGC 6496 X-1 are among the brightest and best-observed
of the variable ULXs, we speculate that the rms-flux relai®a
common property of ULX variability.

The rms-flux relation appears to be ubiquitous in luminous,
accreting objects, such as active galactic nuclei (AGN,g¥ain
et al. 2003b,a), Galactic X-ray binaries (XRB) with blacKkéhor
neutron star accretors (Uttley & McHardy 2001; Uttley 20a4Ax
cataclysmic variables (Scaringi et al. 2012; Van de Sandd.et
2015). The simplest conclusion is that a common physicalhmec
anism explains the strong, aperiodic variability, follogia lin-

lag spectrum from the 2010 and 2011 observations of NGC 5408 ear rms-flux relation, in all these sources. Currently thedaed

X-1 atlow (0.1-0.3 mHz, in black) and high (1-20 mHz, in redd-f
guencies, corresponding with the hard and soft lags for NGIB5
X-1. The 1.0-1.5 keV energy band was used as the referenck ban
because this is where the signal is highest. The lags haveeeot
shifted, so zero-lag means that there is no time delay bettet
bin and the reference band. Similarly, a negative lag mdaaishe
bin leads to the reference band, and positive lags meanhth&in
lags behind the reference band. At low frequencies (i.ed tz)
the phase lag increases with energy, frerr0.6 at 0.8 keV to~
0.3 at 3 keV. On the contrary, at high frequencies (i.e., B}
the phase lag spectrum decreases with energy, f#dd2 at 0.8
keV down to~ -0.1 at 3 keV. Note that the y-axis isfiiirent for
low (left y-axis) and high (right y-axis) frequencies. Thame be-
haviour was reported by De Marco et al. (2013b) for the tinge la
vs. energy spectrum of the soft lag.

5 DISCUSSION

We have shown that a linear rms-flux relation is present irntire
energy band of the two ULXs studied here, NGC 5408 X-1 and
NGC 6946 X-1, and that it is persistent across multiple olzser
tions spanning-8 years. The limitations of the soft band data are
such that we are unable to place any interesting constrainthe
rms-flux relation in the soft band (this is due to the reldyiew
total count rate of these source$,1 ct s1, and low fractional rms
amplitude below 1 keV, which means the intrinsic rms is Idve t
Poisson noise is relatively high and the flux range is sméB.
also examined the frequency-dependent X-ray time lagendiig
the analysis to lower frequencies than previous studiedindiehe
coherence between sof@.9 keV) and hardX1.2 keV) bands is
high, consistent with- 1 at all frequencies. The soft phase lag can

© 2015 RAS, MNRASDOQ, 1-?7?

explanation is in terms of propagating accretion rate flatbtms
(Lyubarskii 1997; Arévalo & Uttley 2006), although any sian
scheme for multiplicative modulation of random fluctuationill
produce a linear rms-flux relation (Uttley et al. 2005). listimodel,
random fluctuations in the viscosity occurring on all sgatcales
in the accretion flow modulate the accretion rate furthebin high
frequency variations occurring on large scales are dampédey
move inwards. Irrespective of this, the presence of theatimms-
flux relation in more than one ULX suggests the same undeylyin
variability mechanism is at work in ULXs as in the sub-Eddorg
XRB and AGN.

5.2 Interband X-ray time delays

The softlag in NGC 5408 X-1 was first detected by Heil & Vaughan
(2010), based mainly on the 2006MM—Newton observation of
NGC 5408 X-1. De Marco et al. (2013b) subsequently used six
XMM-Newton observations (2006, 2008, 2010a,b and 2011a,b)
and recovered similar soft X-ray lags in each, above fregesn
of ~few mHz. We extended the lag-frequency analysis to lower
frequencies { 0.1 mHz) and find that the soft lag extends down
to ~ 1 mHz with an amplitude of tens of seconds, but neither the
phase lag nor time lag is constant with frequency, with thasph
lag constant at —0.2 rad (soft lag) above 1 mHz but increasing
at lower frequencies. A similar lag-frequency spectrunoigid for
NGC 6946 X-1.

The soft vs. hard band coherence is high, indicating the vari
ations in each band are linearly correlated, and probalhemiby
the same process. Any additional source of uncorrelatedtiars
adding to one band must be weak. The lags may then be imposed
by the action of linear filters (“impulse response functidmting
on the driving variations in one or both bands.
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The interpretation of these lags remains challenging. & th
following, we discuss possible implications and comparigath
other accreting sources.

5.2.1 Comparison with AGN scaling relations

Soft X-ray time lags are now well established in AGN (seeeyttl
et al. 2014, for a review), where they are observed typicaifye-
quencies above 0.1 mHz, below which a hard lag dominates. The
most accepted scenario for AGN assumes that the hard lag-is pr
duced by accretion rate fluctuations moving inwards throthgh
accretion disc and energising a radial extended corong Katpv

et al. 2001; Arévalo & Uttley 2006). The soft lags are thauighbe
produced by a separate process — “reverberation”, i.et-ligkel
time delays as the primary coronal emission is reprocess#uei
inner regions of an ionised disc (see Fabian et al. 2009, fendet
view by Uttley et al. 2014). Typically the reverberation li®tght

to be generated by the inner disc, withirlOrg of the central black
hole.

De Marco et al. (2013a) studied a sample of 32 AGN and
found a scaling relation between the black hole mass andatite s
time lag using the 15 objects where a soft time delay was titec
If their scaling relation extends to ULXs, we would expea Hoft
lag to be located at frequencies in the range-2200 mHz with
amplitudes of M3 - 0.4 s for black hole masses of :01000M,,
as expected for stellar-mass to intermediate-mass bldeks ligee
e.g. Fig. 9 of De Marco et al. 2013b). As shown in Fig. 3, the sof
lag in NGC 5408 X-1 occurs at frequencies of the order of mHz
with amplitudes of tens of seconds, much larger than exgdore
a stellar mass black hole binary and more typical of a lowamas
AGN. However, NGC 5408 X-1 is clearly identified with a stella
object on the outskirts of a dwarf galaxy and is therefore arot
AGN (e.g., Pakull & Mirioni 2003; Cseh et al. 2013). If the slafg
in NGC 5408 X-1 is a reverberation signal from the accretisc,d
as is proposed to explain the AGN lags (e.g., Fabian et al9;200
Uttley et al. 2014), the size and distance of the reflectindiome
are large. If the observed maximum soft time lag~ol0 s is not
“diluted” (due to the contribution of direct emission to hdtands),
such that the delay corresponds to a path length ®k 10° m, this
corresponds te: 10*(Mgn/100Mo)rg.

Indeed, ULX spectra lack the obvious signs of strong reflec-
tion (such as iron emissions lines and the “Compton humpif)-co
monly seen in Seyfert 1s.

5.2.2 Association with XRB QPOs

Another suggestion discussed by De Marco et al. (2013b)ais th
the soft lag is associated with a QPO, as sometimes occurklin B
XRBs. There are some problems with this interpretationefmst

is that the QPOs claimed for NGC 5408 X-1 are generally natrcle
and distinct features like QPOs in BH XRBs (of the “type-C* va
riety). We will discuss this further in a companion paperyyhan

et al., in prep.), but even if we take the PSD fits of Dheeraj &
Strohmayer (2012), De Marco et al. (2013b) or Caballeroc@ar
et al. (2013) at face value, the soft lags extend over a muzduler
range of frequencies than the QPO-like features, indigatia lags
are associated with the noise PSD. It is also not clear tigatifa
ULXSs, e.g., between the 0.5-0.9 keV and 1.2—-7 keV bandslat

5.2.3 Possible origins for the soft lag

The spectrum of these “soft ultraluminous” sources (Glamkst
et al. 2009; Sutton et al. 2013; Middleton et al. 2015) areroft
described in terms of two components. The softer compodent;
inating below~ 1 keV has a quasi-thermal spectrum and shows lit-
tle, if any, short timescale variability. The latter factriferred from

the lack of “soft excess” in the rms and covariance specta Fsg.

1 and also Middleton et al. 2015). The harder component, domi
nating over~ 1 — 10 keV, resembles a cutfgpower law (see also
Walton et al. 2013, 2014), and produces most or all of thelrequii-
ability. In the context of the supercritical accretion mb&hakura

& Sunyaev 1973; King et al. 2001; Poutanen et al. 2007; Middle
ton et al. 2015) the hard component represents emissiontfiem
inner accretion flow (either inverse-Compton emission feomod-
erately optically thick corona or the thermal emission frarslim
disc), while the soft component is thermal emission frombiase

of an optically thick, massive wind driverffdhe disc at larger radii
(as expected for super-Eddington accretion flows).

The lack of variability of the softer component suggests it
plays no role in generating the soft lags. Further, the higfec
ence between soft and hard bands is most simply explainkdrié t
is a single “driver” of the variability. Together, these amnsistent
with the soft lag being intrinsic to the harder component aod
a delay between the two spectral components. In other witrids,
only the hard component that varies rapidly, and its vanietion
timescales shorter than 1 ks occur at higher energies first, with
the softer emission (from the same spectral componentydalkp
to few seconds to respond. These delays may be intrinsic to the
emission mechanism (from the inner accretion flow) or imgdse
processes intercepting and delaying some fraction of thisson.

One explanation for X-ray time lags is in terms of scattering
in an intervening medium. A soft lag could be produced as hard
X-ray photons from the primary X-ray source pass through and
are down-scattered to lower energies. Low energy photqgpis ty
cally have undergone more scatterings and so escape tlerscat
ing medium after a longer delay. The lag-frequency spectiam
NGC 5408 X-1 shows clear frequency dependence, being ctnsta
in neither phase lag nor time lag. Such lags af@atlilt to repro-
duce in a simple scattering scenario which would more nlgura
produce an approximately constant time lag (at frequermésv
the wrap around frequency; Miller et al. 2010; Zoghbi et 1P,
Uttley et al. 2014).

A further possibility is that the soft lag somehow resultsfr
the propagation of photons through an optically thin shrofucha-
terial, likely to result from an expanded wind (a predictiofiithe
super-critical ULX model). Should the absorption opacifythos
material be low in the hard band and high in the soft band (per-
haps as a result of high abundances of Oxygen and Neon but rela
tively low abundances of Iron, Middleton et al. 2014), thedgho-
tons will arrive to the observer scattered (with the exaetteced
fraction dependent on the Thompson optical depth) whikstsibft
photons will be absorbed and re-emitted. There are indeedgst
indications that residuals at soft energies in the timeayed spec-
tra are associated with absorption and emission featusesiased
with a strong outflow (Middleton et al. 2014; Middleton et ial.
prep) and, should this provide an origin for the soft lag, tregni-
tude of the lag should provide constraints on the extentefitimd.
However, such models incorporating outflows are by theiy ver

mHz QPOs, can be compared to those in XRBs usually observedture “messy” with the impact of reverberation and absorplieav-

between hard bands (e.g., 3-5 keV and 5-13 keV}-fioHz QPOs
(Remillard et al. 2002; Casella et al. 2004).

ily dependent on inclination angle and structure of the wind
A final possibility is that the lags are intrinsic to the X-ray
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source itself, i.e., that the part of the inner accretion flbat first
responds to inward moving accretion rate variations hasrdeha
spectrum than the later responding parts of the flow. This thé
opposite sense to the models used to explain hard lags in KRB (
Kotov et al. 2001; Arévalo & Uttley 2006). But this shouldrpaps
not rule out this idea, as the structure of the hard X-ray tmgit
inner regions of ULXs may be quiteftierent from the corona or
jet-base thought to produce the thermah-thermal, variable hard
X-ray spectrum in sub-Eddington XRB and AGN.

5.2.4 Low frequency lags

At frequencies below~ 1 mHz the sign of the time lag estimate
changes and becomes a hard (or positive) lag. We do cautibn th
even with multiple observations of one of the brightest ULXe
lag at~ 0.1 mHz has large uncertainties, with the lag exceeding
zero only at the 2 30~ level.

Hard lags at low frequency, along with soft lags at higher fre

guencies, have been observed in many AGN (Fabian et al. 2009;

Zoghbi et al. 2011; Emmanoulopoulos et al. 2011; Kara etdl32
De Marco et al. 2013a). The best studied source is the namew |
Seyfert 1 1H0707-495 (e.g., Fabian et al. 2009; Zoghbi &CHl1).
Kara et al. (2013) argued that theffdrent energy dependence of
the high and low frequency lags (soft and hard, respeciivelthis
object revealed that flerent emission processes are involved. In-
terestingly, the lag-energy spectra for NGC 5408 X-1 at lowdl a
high frequencies (Fig. 4) look like very similar (after a oge

of sign and scaling). But given the low significance of the low
frequency hard lag it would perhaps be premature to placehmuc
weight on this.

The limited spectral-timing data for ULXs leave a few clues
about the origin of the lags. Longer observations with higB/él
would be able to access both lower and higher frequencies, an
allow us to better estimate the frequency and energy depeads
the lags. Such constraints will be crucial for ruling out tagdels,
but may require future, larger X-ray missions.
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Figure Al. rms-flux relation for NGC 5408 X-1 in the soft (0.5-0.9 keV)damard (1.2—7 keV) energy bands, for observations from 22001, and 2014.
The rms is measured over the 4-50 mHz frequency range fromeseg of length 150 s. The dashed lines show the 95% “confdbands” around the
best-fitting linear model.

APPENDIX A: RMS-FLUX RELATION

In this appendix we provide the plots of the rms-flux relafionNGC 5408 X-1 and NGC 6946 X-1 for each year separately.réhelts are
presented in Sect. 3

APPENDIX B: CROSS-SPECTRUM

In this appendix we present the cross-spectrum analysiN®E 6946 X-1, including the coherence, phase lag, and tigddéween the
soft and hard energy bands. The trend of the lag is simildrabdbserved in NGC 5408 X-1, although the coherence is lamtigtrained,
and both the soft and hard lag are below thel@vel. Therefore, we cannot confirm the lags in this ULX.

© 2015 RAS, MNRASDOQ, 1-?7?
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Conclusions

Throughout this thesis, I have presented a study on the variability of low luminosity ac-
tive galactic nuclei (LLAGN), including optically selected low ionisation nuclear emission line
region (LINER) and Seyfert 2 nuclei, which constitutes the core of the thesis work. The data
were retrieved from the XMM-Newton and Chandra satellites, which provide information at
X-ray and UV frequencies. The long-term X-ray variations, i.e., with timescales ranging
from months to years, as well as the pattern of variability, were obtained from a simultaneous
spectral fitting of the spectra of the same source at different dates, by leaving different param-
eters to vary in the model. Additionally, short-term X-ray variations, i.e., with timescales
in the range from hours to days, from the analysis of the light curves, and long-term UV flux
variations were searched for. The main conclusions obtained from this study are summarized

in the following:

e The sample of 21 LINERs is divided in AGN (17 sources, among them two are Compton-
thick candidates) and non-AGN (four sources, all Compton-thick) candidates.

> Short-term X-ray variations are not found in any of the sources.

> The non-AGN candidates do not show X-ray variations, but two of them are
variable at UV frequencies, consistent with the work by Maoz et al. (2005), who
claimed UV variations in most of the LINERs in their sample. This might suggest
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that they should be AGN because variations would not be expected in case of multiple

stellar sources.

> X-ray variations have been analysed in 13 out of 17 AGN candidates; eight of them
show variations in timescales from months to years. Variations are also observed at
UV frequencies in five out of the six sources. It is therefore found that variability
at hard energies is a common property of LINERs, which is observed in at
least one energy band, X-rays and/or UV, in 11 out of the 14 studied sources.
Only one of the Compton-thick candidates shows variations. This is expected because
variations in sources dominated by the reflection component are not common, because

this component is located far from the nuclear source.

> The X-ray variability pattern observed in all the variable LINERs is related
with the nuclear continuum, in one source accompanied by absorption varia-
tions (NGC 1052), and in another source accompanied by variations at soft energies
(NGC 4552).

> The timescales of the variability observed in LINERs is consistent with the variability
plane which relates the black hole masses, accretion rates and variability timescales,
as more powerful AGN do. Since LINERs have the highest black hole masses and
lower Eddington rates, their variability timescales are between months and years,

fully consistent with our results.

e The sample of 26 Seyfert 2s is divided in Compton-thick (12 sources), Compton-thin (12

sources), and changing-look candidates (two sources).

> Short-term X-ray variations are not found in any of the sources.

> UV nuclear variability is not found in any of the sources. In fact, the nuclear
source is observed only in three Seyfert 2s, while the remaining sources are undetected.
This is consistent with the obstructed view of the nucleus due to the dusty torus,

explained within the unified model of AGN.

> Long-term X-ray variability has been observed in 11 out of the 25 analysed
sources, only one of them being a Compton-thick candidate (MARK 3). Therefore,
X-ray variability is common in Seyfert 2s. We explain our results in a scenario
where there are a constant reflection component located far from the nucleus and a
variable nuclear continuum. Compton-thick sources are dominated by reflection and
do not show variations, whereas Compton-thin and changing-look objects are dom-
inated by the nuclear continuum and thus show variations. Moreover, we confirm
that low luminosity Seyfert 2s are due to a decrease of luminosity in Compton-thick

sources.
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> The main X-ray variability pattern observed in these nuclei is related to changes

in the nuclear continuum, but absorption variations have been found in four
sources (in two of them accompanied with variations in the nuclear continuum),
and at soft energies in two cases (both accompanied with variations in the nuclear

continuum).

e Taking advantage of the X-ray spectral analyses performed for LINER and Seyfert 2s,

we have assembled their spectral properties. We have differentiated between Compton-thin
and Compton-thick candidates because they seem to be dominated by different spectral
components. The sample includes a total of 38 sources, 13 LINERs (two Compton-thick
candidates) and 25 Seyfert 2s (12 Compton-thick candidates).

> Major differences in the spectral parameters are related to the X-ray luminosi-

ties, which in turn leads to higher accretion rates in Seyfert 2s. Minor differences
are observed in the absorbing column densities, temperatures or black hole masses.

The spectral indices of the power law representing the AGN are very similar for both.

The X-ray variability show the same timescales and amplitudes both in LINERs

and Seyfert 2s, and are mainly related to changes in the nuclear continuum.

Although variations occur in a similar way, the relation between the spectral index
and the Eddington ratio shows that different accretion mechanisms take place.
This behaviour has been explained as a different accretion mechanism, being efficient
for Seyfert 2s and inefficient for LINERSs.

Variations of the absorber, as well as objects changing from/to Compton-thin to/from
Compton-thick, although scarce, are more common in Seyfert 2s, suggesting the pres-
ence of an obscuring material close enough to the accretion disc to produce variations
in scales between months and years. Furthermore, UV nuclear variations are only
observed in LINERs, indicating a naked view of the inner parts of the AGN in these
cases. All together suggest that the broad line region and/or the torus, where
the obscured material is producing the absorber variations seen in Seyfert 2s, might
disappeared in LINERs at least in some sources, as suggested from theoretical

arguments.

In addition to the research explained above, we have performed a study of AGN located
in galaxy groups and clusters, and a variability study on ultraluminous X-ray

sources (ULX). The main conclusions of these studies are summarized in the following:

e We have searched for AGN in 16 galaxy clusters and 10 galaxy groups by identifying

the number of AGN within each structure. We found three AGN in the nine studied
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groups of galaxies, each one located in the center of the group. We found 28 point-
like sources within the 16 galaxy clusters; only nine with a measured redshift. We
have identified from one to five point-like sources on each cluster. This was
an exploratory work that can be completed in a large sample of galaxy groups and

clusters.

e We have analysed the X-ray variability of two ULXs based on multiple XMM —-Newton
observations. We have shown that the rms-flux relation is present in both sources,
as it is for other luminous accreting objects. We have computed the time delay
between hard and soft energy bands in NGC 5408 X-1, with the soft band delayed
with respect to the hard band at frequencies above a few mHz. For the first
time, we have extended the lag analysis to lower frequencies and find some evidence
for a reversal of the lag at frequencies of about 0.1 mHz. The methodology
used in this work can eventually be applied to a sample of LLAGN in order to obtain

information about the physical processes happening in their nuclei.



Future prospects

The work presented in this thesis paves the way for new open questions. In the
following, we present topics of interest related with this thesis that will be addressed in

the near future:

e X-ray variability in type 1 Seyferts: In this thesis we have focused in Seyfert 2
objects, i.e., AGN that are observed through the dusty torus from the point of view of
the unified model. It would therefore be interesting to apply the same methodology
to a sample of optically selected type 1-1.9 sources. From the literature, we know that
type 1 sources show X-ray variations, in many cases related to absorptions at soft
and/or hard energies. However, we note that a systematic study of these sources has
not been performed yet. Indeed, the individual variability analyses of many of the
most studied cases refer to objects classified as NLSyls, whose properties might be
different to those of Seyfert 1s in various respects. Thus it is also crucial to distinguish
for the different subgroups considering their optical classifications in order to clarify

whether these kind of variations are common in Seyfert 1s.

e X-ray variability in nearby AGN: Joining the spectral properties and variability
patterns of Seyfert 1s with the ones presented in this thesis for LINERs and Seyfert
2s, we will produce a panoramic view of the X-ray variability in nearby AGN. This

study will be made in analogy to the one presented in Chapter 4 of this thesis. Some
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of the possible questions to address will be: to find whether the X-ray variations
occur in the same way in every AGN, and to understand the physical origin of such
variations; to find for similarities and/or discrepancies in the spectral parameters, as
for example if there exist Seyfert 1s with high column densities; to study the accretion
mechanisms; or to compare the UV variations that we expect to observe in Seyfert

1s with those observed in LINERs.

Moreover, some other works related to the results presented in this thesis that can be done

in the future are summarized in the following;:

e Variability at soft X-ray energies: Within our study, three sources revealed
variability at energies below 2 keV. However, in two of these objects the variations
were found when comparing data from different instruments. These kind of variations
are rare, so more data are required in order to confirm the variations. The analysis
must be done with X-ray instruments which covers the 0.5-2.0 keV energy band. Due
to its high spatial resolution, imaging from Chandra is necessary in order to resolve
the sources, to be sure that extranuclear sources are not responsible for the variations.
For bright enough sources, Chandra data at different epochs would be useful for the
study. Fainter sources with low count rates at these energies would require XMM—
Newton data along with Chandra imaging; in case of multiple sources within the
XMM—-Newton aperture it will be necessary to assure that the variability comes from
the nucleus, what can only be done using at least two Chandra observations or by
decontaminating the extranuclear emission in XMM—Newton data (e.g., following the

procedure explained in the methodology of this thesis).

e X-ray variability in a complete sample of LLAGN: The work presented here
is composed by samples of AGN selected for having observations at different epochs
separated by times ranging from months to years. First, the number of objects
included in the sample is not big enough to statistically quantify the X-ray variability
issue in LLAGN. Second, the various samples are by no means complete or statistically
representative in a broad sense. The same analysis should be performed on a complete
sample of LINERs and Seyferts in order to establish the fraction of variable LINER
and Seyfert nuclei. This should be done by the selection of a complete sample and the
monitoring of the sources at different dates. The XMM—-Newton spectral-fit database
(XMMFITCAT, Corral et al. 2015, A&A 576 A61) might be useful for this purpose,
as is a catalogue of spectral fitting results for about 78000 sources selected from the
latest version of the 3XMM Data Release 4 (3XMM-DR4), containing at least 50
net (background-subtracted) counts per detector in the 0.5-10 keV energy band. We
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first should select the sources with multiple observations and search for their optical

classifications, in order to assess if the sample is complete.

Fourier techniques applied to LLAGN: In the last years, Fourier techniques have
been applied to powerful AGN as Seyfert 1s to search for time lags between different
energy bands. The study of these time lags can be used to understand the origin of
the variations. The application of Fourier techniques to LLAGN has not been done
yet mainly due to the low count rates of their spectra. In this work we searched for
time lags in ULXs, whose luminosities are in the same range of LLAGN. Although
long timescale coverages are required in order to measure the time delays, and thus
it is not possible to make this study in a large sample of LLAGN, some of the sources
can have enough exposure times to be able to use these techniques. We note that,
because of the experience obtained during this work, the selection of the sample is not
straightforward, as it does not depend on the exposure time and/or the count rate
alone, but to a combination of both. The samples of LINERs and Seyfert 2s presented
in this thesis can be used for a exploratory work. The methodology should be applied
to the whole sample, combining all the available observations, to determine whether

the coherence between the energy bands is high.

UV variability: Two types of Seyfert 2s have been identified in the current litera-
ture: “truly obscured” and “naked” AGN. The first ones are characterized by large
amounts of dust and gas along our line of sight so that the nucleus cannot be observed
at optical or UV frequencies. The “naked” AGN, on the contrary, do not show high
column densities so that their nuclei are expected to be observed at UV wavelengths.
In our study, three Seyfert 2s with nuclear UV emission have been observed, i.e.,
they might be candidates to be “naked” AGN. A systematic study of UV emission in
Seyfert 2s needs to be undertaken and a follow up variability of naked AGN deserve
further analysis. Objects showing discordant classifications at X-rays and optical
frequencies are ideal for the study. In the work by Merloni et al. (2014, MNRAS
437 3550), they found 21 sources optically classified as type 2 objects but with small
column densities at X-rays, so this subsample could be used for the analysis. Data
from the HST public archive at different epochs would be required in order to search

for variations at UV frequencies.

Dusty torus: We find that absorption variations and changing-look candidates
(where these variations are expected) are scarce among LINERs; on the other hand,
the nuclei of LINERs can be observed, and in fact are variable, at UV frequencies,
while the UV nuclei are obscured for Seyfert 2s. These results might suggest the

disappearance of the torus in LINERs. Therefore, the question is: what is the nature
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of the obscuration and Compton-thickness in LINERs? To resolve this enigma, it is
needed to study LINERs at high energies, with satellites such as Suzaku or NuSTAR.
We note that the use of Suzaku might not be the best choice as it is not sensitive
enough for faint sources. Our group is currently working in a project using Ca-
nariCam data to study a sample of seven Compton-thick candidate LINERs at mid
infrared (mid-IR) frequencies, where the obscuring material is expected to produce a
huge amount of thermal re-emission of the intercepted optical-UV nuclear radiation.
We searched in the public archives, and found that three of these sources (NGC 835,
UGC 05101, and NGC 3690B) have been observed with NuSTAR. It would therefore
be interesting to apply for telescope time to observe the remaining four sources so

that X-ray and mid-IR could be used together to study the obscuration in LINERs.



Other works

Finally, I would like to report other works in which I have participated but do not
constitute the core of my main research. I was invited to collaborate in these studies
because they are related to the work I have been carrying out during the development of

this thesis.
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ABSTRACT

Context. Many classes of active galactic nuclei (AGN) have been defined entirely through optical wavelengths, while the X-ray
spectra have been very useful to investigate their inner regions. However, optical and X-ray results show many discrepancies that have
not been fully understood yet.

Aims. The main purpose of the present paper is to study the synapses (i.e., connections) between X-ray and optical AGN
classifications.

Methods. For the first time. the newly implemented EFLUXER task allowed us to analyse broad band X-ray spectra of a sample of
emission-line nuclei without any prior spectral fitting. Our sample comprises 162 spectra observed with XMM-Newton/pn of 90 lo-
cal emission line nuclei in the Palomar sample. It includes, from the optical point of view, starbursts (SB), transition objects (T2),
low-ionisation nuclear emission line regions (L1.8 and L2), and Seyfert nuclei (S1. S1.8, and 52). We used artificial neural networks
(ANNSs) to study the connection between X-ray spectra and optical classes.

Results. Among the training classes, the ANNs are 90% efficient at classifying the S1. S1.8, and SB classes. The S1 and S1.8 classes
show anegligible SB-like component contribution with a wide range of contributions from S1- and S1.8-like components. We suggest
that this broad range of values is related to the high degree of obscuration in the X-ray regime. When including all the objects in our
sample, the S1, S1.8, S2, L1.8, L2/T2/SB-AGN (5B with indications of AGN activity in the literature), and SB classes have similar
average X-ray spectra, but these average spectra can be distinguished from class to class. The S2 (L1.8) class is linked to the S1.8 (S1)
class with a larger SB-like component than the S1.8 (S1) class. The L2, T2, and SB-AGN classes constitute a class in the X-rays
similar to the S2 class, albeit with larger portions of SB-like component. We argue that this SB-like component might come from the
contribution of the host galaxy emission to the X-rays, which is high when the AGN is weak. Up to 80% of the emission line nuclei
and, on average, all the optical classes included in our sample show a significant fraction of S1-like or S1.8-like components. Thus,
an AGN-like component seems to be present in the vast majority of the emission line nuclei in our sample.

Conclusions. The ANN trained in this paper is not only useful for studying the synergies between the optical and X-ray classifications,
but might also be used to infer optical properties from X-ray spectra in surveys like eRosita.

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

Reference: Gonzalez-Martin et al. (2014), A&A, 567, A92

My contribution to this paper was to check that the observations which compose the

sample met our requirements. I also actively participated in the discussion of the paper.
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ABSTRACT

The Luminous Infrared Galaxy NGC 1614 hosts a prominent circumnuclear ring of star formation. However, the
nature of the dominant emitting mechanism in its central ~100 pc is still under debate. We present sub-arcsecond
angular resolution radio, mid-infrared, Pac, optical, and X-ray observations of NGC 1614, aimed at studying in
detail both the circumnuclear ring and the nuclear region. The 8.4 GHz continuum emission traced by the Very Large
Array and the Gemini/T-ReCS 8.7 um emission, as well as the Pax line emission, show remarkable morphological
similarities within the star-forming ring, suggesting that the underlying emission mechanisms are tightly related.
We used a Hubble Space Telescope /NICMOS Paw map of similar resolution to our radio maps to disentangle the
thermal free—free and non-thermal synchrotron radio emission, from which we obtained the intrinsic synchrotron
power law for each individual region within the central kiloparsec of NGC 1614. The radio ring surrounds a
relatively faint, steep-spectrum source at the very center of the galaxy. suggesting that the central source is not
powered by an active galactic nucleus (AGN), but rather by a compact (r < 90 pc) starburst (SB). Chandra X-ray
data also show that the central kiloparsec region is dominated by SB activity, without requiring the existence of an
AGN. We also used publicly available infrared data to model-fit the spectral energy distribution of both the SB ring
and a putative AGN in NGC 1614. In summary, we conclude that there is no need to invoke an AGN to explain the
observed bolometric properties of the galaxy.

Key words: galaxies: individual (NGC 1614) — galaxies: nuclei — galaxies: starburst — infrared: galaxies —
radio continuum: galaxies — supernovae: general

Online-only material: color figures

Reference: Herrero-Illana et al. (2014), ApJ, 786, 156.

My contribution to this work was the analysis of the X-ray data of NGC 1614, including
the spatial and spectral analyses. Closely following the methodology used in this thesis for
LINERs and Seyferts, the spectral analysis was performed by fitting different models to the
spectrum to obtain the model which best fits the data. Moreover, I actively participated

in the discussion of the paper.
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ABSTRACT

Confext. Most of the optically classified low ionisation narrow emission-line regions (LINERs) nuclei host an active galactic nuclei
(AGN). However, how they fit into the unified model (UM} of AGN is still an open question.

Aims. The aims of this work are to study at mid-infrared (mid-IR) (1) the Compion-thick nature of LINERs (i.e hydrogen column
densities of Ny > 1.5 % 107%em™); and (2) the disappearance of the dusty torus in LINERs predicted from theoretical arguments.
Methods. We have compiled all the available low spectral resolution mid-1R spectra of LINERs from the InfraRed Spectrograph (IRS)
onboard Spitzer. The sample contains 40 LINERs. We have complemented the LINER sample with Spitzer/IRS spectra of PG QS0s,
Type-1 Seyferts (S1s), Type-2 Seyferts (52s), and Starburst (SBs) nuclei. We have studied the AGN versus the starburst content in our
sample using different indicators: the equivalent width (EW) of the polyeyelic aromatic hydrocarbon (PAH) at 6.2pm, the strength
of the silicate featre at 9.7pm, and the steepness of the mid-1R spectra. We have classified the spectra as SB-dominated and AGN-
dominated, according to these diagnostics. We have compared the average mid-IR spectra of the varous classes. Morcover, we have
studied the correlation between the 12pm lummosity, vL,(12pm), and the 2-10 keV energy band X-ray luminosity, Ly(2 — 10 keV).
Results. In 25 out of the 40 LINERs (ie., 62.5%) the mid-IR spectra are not SB-dominated. similar to the companson S$2 sam-
ple (67.7%). The average spectra of both SB-dominated LINERs and 82 are very similar to the average spectrum of the SB class,
The average spectrum of AGN-dominated LINERs is different from the average spectra of the other optical classes, showing a
rather flat spectrum at 6 — 28um. We have found that the average spectrum of AGN-dominated LINERs with Xeray luminosi-
ties Ly(2 — 10 keV) = 10%erg/s is similar to the average mid-1R spectrum of AGN-dominated $2s. However, faint LINERs (i.c.
Ly(2 =10 keV) < I(F"L:rg,f.t,) show fat spectra different from any of the other optical classes. The correlation between v, (12pm) and
Lx(2 = 10 keV) for AGN nicely extends toward low luminosities only if SB-dominated LINERs are excluded and the 2-10 keV band
X-ray luminosity is corrected in Compton-thick LINER candidates.

Conclusions. We have found that LINERs proposed as Compton-thick candidates at X-ray wavelengths may be confirmed according
to the X-ray o mid-IR luminosity relation. We show evidence in favour of the dusty-torus disappearance when their bolometric
luminosity is below Ly = 10%%erg/s. We suggest that the dominant emission at mid-1R of faint LINERs might be a combination of an
elliptical galaxy host (chameterised by the lack of gas), a starburst, a jet, andfor ADAF emission. Allernatively, the mid-IR emission
of some of these faint LINERs could be a combination of elliptical galaxy plus carbon-rich planetary nebulae. In order t reconcile the
Compton-thick nature of a large fraction of LINERs with the lack of dusty-lorus signatures, we suggest that the material producing
the Compton-thick X-ray obscuration is free of dust.

Key words. Galaxies:active - Galaxies:nuclei - infrared:galaxies

Reference: Gonzalez-Martin et al. (2015), accepted for publication in A&A.

I have been a co-investigator of the GTC/CanariCam proposals of LINERs GTC42-12B
and GTC35-13A, and I contributed to this paper by being an active member of the dis-

cussion.
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ABSTRACT

‘While our current cosmological model places galaxy clusters at the nodes of a filament network (the cosmic web), we still struggle
to detect these filaments at high redshifts. We perform a weak lensing study for a sample of 17 massive, medium-high redshift
(0.4 < z < 0.9) galaxy clusters from the DAFT/FADA survey, that are imaged in at least three optical bands with Subaru/SuprimeCam
or CFHT/MegaCam. We estimate the cluster masses using an NFW fit to the shear profile measured in a K5B-like method, adding
our contribution to the calibration of the observable-mass relation required for cluster abundance cosmological studies. We compute
convergence maps and select structures within, securing their detection with bootstrap re-sampling techniques. Taking advantage of
the large field of view of our data, we study cluster environment, adding information from galaxy density maps at the cluster redshift
and from X-ray images when available. We find that clusters show a large variety of weak lensing maps at large scales and that they
may all be embedded in filamentary structures at megaparsec scale. We classify them in three categories according to the smoothness
of their weak lensing contours and to the amount of substructures: relaxed (~ 7%), past mergers (~ 21.5%), recent or present mergers
(~ T1.5%). The fraction of clusters undergoing merging events observationally supports the hierarchical scenario of cluster growth,
and implies that massive clusters are strongly evolving at the studied redshifts. Finally, we report the detection of particularly intense
filaments in CLID1S2, MACSI0454, MACSIOT717, A851, BMW 1226, and MACSJT1621.

Key words. Galaxies: cluster: general - Gravitational lensing: weak - Cosmology: large-scale structure of Universe

Reference: Martinet et al. (2015), submitted to A&A.

My contribution to this work was to extract and analyse the X-ray images used to compare
with optical data and to search for filaments. Part of the work was developed during my
short-stay in Paris in 2013 and is related to Chapter 5. Furthermore, I actively participated

in the discussion of the paper.
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ACIS

ADAF

AGN

ARF

BHB

BLR

CCD

CIAO

CcT

DM

solar symbol: widely used to refer to

solar mass (M) or luminosity (Lg).

Advanced Charged couple Imaging
Spectrometer:
board Chandra.

an X-ray detector on

Advection-Dominated Accretion Flow:
a model of sub-Eddington accretion

disc.

Active Galactic Nucleus: a compact re-
gion in the center of the galaxy with
high luminosity that cannot be ex-

plained by stellar processes.

a file

tele-

File:

combined

Auxiliary Response
containing  the

scope/filter/detector areas and the
quantum efficiency as a function of

energy averaged over time.

Black Hole Binary:
black holes in close orbit around each

a system of two

other.

Broad Line Region: a gaseous region

with typical velocities of 3000 km s~ *.

Charge-Coupled Device: an integrated
circuit etched onto a silicon surface

forming pixels.

Chandra Interactive Analysis of Obser-
vations: a software developed by the

Chandra team to reduce data.

Compton-Thick: Objects with column
densities higher than 1.5x 10**em ™2 at

X-rays.

Dark Matter:

cannot be seen.

a kind of matter that

EPIC

EwW

FWHM

HBLR

HR

HST

LINER

LLAGN

NHBLR

NLR

NLSy1

NS

OM

PSD

European Photon Imaging Camera:
an X-ray detector on board XMM-
Newton.

Equivalent Width: measure of the area

of a spectral line.

Full Width at Half Maximum: distance
between points on a curve at which
the function reaches half its maximum

value.

Hidden Broad Line Region: an AGN
that shows a BLR in polarized light.

Hardness Ratio: the equivalent of a
photometric color index in X-rays, cal-
culated as a normalized difference of
the exposure corrected counts in two

energy bands.

Hubble Space Telescope: an interna-

tional 2.4 m mirror space telescope.

Low Ionization Nuclear Emission line
Region: a type of AGN characterized

by strong low ionization lines.

Low Luminosity Active Galactic Nu-
clei: AGN with bolometric luminosities

lower than ~ 10%3erg s~ 1.

Non-Hidden Broad Line Region: an
AGN that do not show a BLR in po-
larized light.

Narrow Line Region: a gaseous region

with typical velocities of 500 km s~ 1.

Narrow Line Seyfert 1: a type of
AGN characterized by being similar to

Seyferts but lacking the broad lines.

Neutron Star: a type of stellar rem-
nant resulting from the gravitational
collapse of a massive star after a su-

pernova.

Optical Monitor: a detector on board
XMM-Newton covering between 170

nm and 650 nm.

Power Spectral Density: the product of
the Fourier transform of a function and

its complex conjugate.
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PSF

QPO

QSO

RIAF

RMF

S/N

SAS

Point Spread Function: the response of
an imaging system to a point source or

point object.

Quasi-Periodic Oscillations: flickering

in a light curve at certain frequencies.

Quasi-Stellar Object or quasar: an
AGN type characterized by an extreme

luminosity.

Radiative Inefficient Accretion Flow: a

model of sub-Eddington accretion disc.

Redistribution Matrix File: a file con-
taining maps from energy space into
detector pulse height (or position)
space.

Signal-to-Noise-ratio: a measure of a

signal to the level of background noise.

Science Analysis Software: a software
developed by the XMM—-Newton team
to reduce data.

SMBH

ULIRG

ULX

UM

uv

VLA

XRB

Super Massive Black Hole: a black hole
with a mass > 10° M.

Seyfert: a type of AGN characterized
by high ionization lines.

Ultra Luminous InfraRed Galaxy: a
galaxy with an infrared luminosity
higher than 10'2L.

Ultraluminous X-ray Source: an astro-

nomical source of X-rays.

Unified Model: a model with the aim
of accommodate every type of AGN.

UltraViolet: an electromagnetic radia-
tion with a wavelength from 400 nm to
100 nm.

Very Large Array: a 27 identical 25 m

antennas interferometer.

X-Ray Binary: a class of binary stars

that are luminous in X-rays.
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