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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
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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).



http://chandra.harvard.edu/resources/illustrations/

19 1.5 X-rays

EPIC-MOS
Aperture

. stops
Reflection

Grating
Arrays

Star tracker EPIC-pn

X-ray mirror
assemblies

Outgassing
device

Optical
Monitor

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.
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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



1. INTRODUCTION 28

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
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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.
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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
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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
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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/

A47, page 2 of 31

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.
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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

A47, page 9 of 31



2. LINERS

A&A 556, A47 (2013)

50

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.

Acknowledgements. We thank the anonymous referee for his/her helpful com-
ments that helped to improve the paper, T. Mahoney for reviewing the English,
J. Perea for help with the statistical analysis and the AGN group at the IAA
for helpful comments during this work. This work was financed by MINECO
grant AYA 2010-15169, Junta de Andalucia TIC114 and Proyecto de Excelencia
de la Junta de Andalucia PO8-TIC-03531. L.H.G. acknowledges financial sup-
port from the Ministerio de Economia y Competitividad through the Spanish
grant FPI BES-2011-043319. O.G.M. thanks Spanish MINECO through a Juan
de la Cierva Fellowship. This research made use of data obtained from the
Chandra Data Archive provided by the Chandra X-ray Center (CXC). This
research made use of data obtained from the XMM-Newton Data Archive pro-
vided by the XMM-Newton Science Archive (XSA). This research made use
of the NASA/IPAC extragalactic database (NED), which is operated by the Jet
Propulsion Laboratory under contract with the National Aeronautics and Space
Administration.

Alston, W. N., Vaughan, S., & Uttley, P. 2013, MNRAS, 429, 75

Antonucci, R. 1993, ARA&A, 31, 473

Binder, B., Markowitz, A., & Rothschild, R. E. 2009, ApJ, 691, 431

Birkinshaw, M., & Davies, R. L. 1985, ApJ, 291, 32

Boroson, B., Kim, D.-W., & Fabbiano, G. 2011, ApJ, 729, 12

Box, G. E. P. 1953, Biometrika, 40, 318

Braito, V., Ballo, L., Reeves, J. N, et al. 2013, MNRAS, 428, 2516

Brassington, N. J., Fabbiano, G., Kim, D.-W., et al. 2009, ApJS, 181, 605

Brenneman, L. W., Weaver, K. A., Kadler, M., et al. 2009, ApJ, 698, 528

Brightman, M., & Nandra, K. 2011, MNRAS, 413, 1206

Caballero-Garcia, M. D., Papadakis, I. E., Nicastro, F., & Ajello, M. 2012, A&A,
537, A87

Cappellari, M., Renzini, A., Greggio, L., et al. 1999, ApJ, 519, 117

Cardullo, A., Corsini, E. M., Beifiori, A., Pizzella, A., & Buson, L. M. 2008, in
Formation and Evolution of Galaxy Disks, eds. J. G. Funes, & E. M. Corsini,
ASP Conf. Ser., 396, 53

Carollo, C. M., Franx, M., Illingworth, G. D., & Forbes, D. A. 1997, Apl, 481,
710

Dickey, J. M., & Lockman, F. J. 1990, ARA&A, 28, 215

Donato, D., Sambruna, R. M., & Gliozzi, M. 2004, ApJ, 617, 915

D’Onofrio, M., Marziani, P., & Sulentic, J. W. 2012, Fifty Years of Quasars:
Current Impressions and Future Perspectives, 549

Dopita, M. A., & Sutherland, R. S. 1995, ApJ, 455, 468

Dudik, R. P., Satyapal, S., Gliozzi, M., & Sambruna, R. M. 2005, ApJ, 620, 113

Emmanoulopoulos, D., Papadakis, I. E., McHardy, I. M., et al. 2012, MNRAS,
424, 1327

Eracleous, M., Hwang, J. A., & Flohic, H. M. L. G. 2010, ApJS, 187, 135

Evans, D. A., Hardcastle, M. J., Croston, J. H., Worrall, D. M., & Birkinshaw,
M. 2005, MNRAS, 359, 363

Ferrarese, L., Ford, H. C., & Jaffe, W. 1996, ApJ, 470, 444

Ferrarese, L., Ford, H. C., Huchra, J., et al. 2000, ApJS, 128, 431

Filho, M. E., Fraternali, F., Markoff, S., et al. 2004, A&A, 418, 429

Garmire, G. P, Bautz, M. W., Ford, P. G., Nousek, J. A., & Ricker, J. G. R. 2003,
in SPIE Conf. Ser., eds. J. E. Truemper, & H. D. Tananbaum, 4851, 28

George, I. M., Mushotzky, R. F., Yaqoob, T., et al. 2001, ApJ, 559, 167

Gliozzi, M., Sambruna, R. M., & Brandt, W. N. 2003, A&A, 408, 949

Gondoin, P., Orr, A., & Siddiqui, H. 2004, A&A, 420, 905

Gonzilez-Martin, O., & Vaughan, S. 2012, A&A, 544, A80

Gonzilez-Martin, O., Masegosa, J., Mdrquez, 1., & Guainazzi, M. 2009a, ApJ,
704, 1570

Gonzilez-Martin, O., Masegosa, J., Marquez, I,
Jiménez-Bailon, E. 2009b, A&A, 506, 1107

Gonzilez-Martin, O., Papadakis, I., Braito, V., et al. 201la, A&A, 527,
Al42

Guainazzi, M., &

A47, page 13 of 31



2. LINERS

A&A 556, A47 (2013) 54

Gonzalez-Martin, O., Papadakis, 1., Reig, P., & Zezas, A. 2011b, A&A, 526,
Al132

Grier, C. J., Mathur, S., Ghosh, H., & Ferrarese, L. 2011, ApJ, 731, 60

Gu, M., & Cao, X. 2009, MNRAS, 399, 349

Guainazzi, M., Matt, G., & Perola, G. C. 2005, A&A, 444, 119

Heckman, T. M. 1980, A&A, 87, 152

Ho, L. C. 2008, ARA&A, 46, 475

Ho, L. C., Filippenko, A. V., & Sargent, W. L. W. 1993, ApJ, 417, 63

Ho, L. C., Filippenko, A. V., Sargent, W. L. W., & Peng, C. Y. 1997, ApJS, 112,
391

Ho, L. C., Feigelson, E. D., Townsley, L. K., et al. 2001, ApJ, 549, L51

Kalberla, P. M. W., Burton, W. B., Hartmann, D., et al. 2005, A&A, 440, 775

Krolik, J. H. 1999, Active galactic nuclei: from the central black hole to the
galactic environment

Mahadevan, R. 1997, ApJ, 477, 585

Maoz, D. 2007, MNRAS, 377, 1696

Maoz, D., Nagar, N. M., Falcke, H., & Wilson, A. S. 2005, ApJ, 625,
699

Marquez, 1. 2012, in Fifty Years of Quasars: From Early Observations and
Ideas to Future Research, eds. M. D’Onofrio, P. Marziani, J. W. Sulentic,
Astrophys. Space Sci. Lib. (Springer)

Masegosa, J., Mérquez, 1., Ramirez, A., & Gonzdlez-Martin, O. 2011, A&A,
527, A23

McHardy, 1. M., Koerding, E., Knigge, C., Uttley, P., & Fender, R. P. 2006,
Nature, 444, 730

Moellenhoff, C., Hummel, E., & Bender, R. 1992, A&A, 255, 35

Nagar, N. M., Falcke, H., & Wilson, A. S. 2005, A&A, 435, 521

Narayan, R., & Yi, I. 1994, ApJ, 428, L13

Panessa, F., Bassani, L., Cappi, M., et al. 2006, A&A, 455, 173

Panessa, F., de Rosa, A., Bassani, L., et al. 2011, MNRAS, 417, 2426

Pellegrini, S., Wang, J., Fabbiano, G., et al. 2012, ApJ, 758, 94

Peterson, B. M. 1997, An Introduction to Active Galactic Nuclei, ed. B. M.
Peterson

Petrucci, P.-O., Paltani, S., Malzac, J., et al. 2013, A&A, 549, A73

Pian, E., Romano, P., Maoz, D., et al. 2010, MNRAS, 401, 677

Pogge, R. W., Maoz, D., Ho, L. C., & Eracleous, M. 2000, ApJ, 532, 323

Ptak, A., Yaqoob, T., Mushotzky, R., Serlemitsos, P., & Griffiths, R. 1998, ApJ,
501, L37

Reynolds, C. S. 1997, MNRAS, 286, 513

Rinn, A. S., Sambruna, R. M., & Gliozzi, M. 2005, ApJ, 621, 167

Risaliti, G. 2002, A&A, 386, 379

Risaliti, G., Maiolino, R., & Bassani, L. 2000, A&A, 356, 33

Risaliti, G., Elvis, M., Fabbiano, G., et al. 2007, ApJ, 659, L111

Risaliti, G., Elvis, M., Bianchi, S., & Matt, G. 2010, MNRAS, 406, .20

Risaliti, G., Nardini, E., Salvati, M., et al. 2011, MNRAS, 410, 1027

Sambruna, R. M., Gliozzi, M., Eracleous, M., Brandt, W. N., & Mushotzky, R.
2003, ApJ, 586, L37

Satyapal, S., Sambruna, R. M., & Dudik, R. P. 2004, A&A, 414, 825

Satyapal, S., Dudik, R. P., O’Halloran, B., & Gliozzi, M. 2005, ApJ, 633, 86

Schmidt, M. 1963, Nature, 197, 1040

Shemmer, O., Brandt, W. N., Netzer, H., Maiolino, R., & Kaspi, S. 2006, ApJ,
646, .29

Striider, L., Briel, U., Dennerl, K., et al. 2001, A&A, 365, L18

Terashima, Y., & Wilson, A. S. 2003, ApJ, 583, 145

Terlevich, R., & Melnick, J. 1985, MNRAS, 213, 841

Tonry, J. L., Dressler, A., Blakeslee, J. P., et al. 2001, ApJ, 546, 681

Trinchieri, G., & Goudfrooij, P. 2002, A&A, 386, 472

Urry, C. M., & Padovani, P. 1995, PASP, 107, 803

Vaughan, S., Edelson, R., Warwick, R. S., & Uttley, P. 2003, MNRAS, 345,
1271

Veilleux, S., & Osterbrock, D. E. 1987, ApJS, 63, 295

Xu, Y., Xu, H., Zhang, Z., et al. 2005, ApJ, 631, 809

Xu, Y.-D. 2011, ApJ, 739, 64

Yamaoka, K., Uzawa, M., Arai, M., Yamazaki, T., & Yoshida, A. 2005, Chin. J.
Astron. Astrophys. Supp., 5, 273

Younes, G., Porquet, D., Sabra, B., et al. 2010, A&A, 517, A33

Younes, G., Porquet, D., Sabra, B., & Reeves, J. N. 2011, A&A, 530, A149

Younes, G., Porquet, D., Sabra, B., Reeves, J. N., & Grosso, N. 2012, A&A, 539,
Al04

Yuan, F., Taam, R. E., Misra, R., Wu, X.-B., & Xue, Y. 2007, ApJ, 658, 282

Zezas, A., Birkinshaw, M., Worrall, D. M., Peters, A., & Fabbiano, G. 2005,
ApJ, 627,711

Pages 15 to 31 are available in the electronic edition of the journal at http: //www.aanda.org

A47, page 14 of 31



55 L. Herndndez-Garcia et al.: X-ray variability in LINERs

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).
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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%.

A47, page 21 of 31



2. LINERS

A&A 556, A47 (2013)

62

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
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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.
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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
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