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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, Γ, and the
Eddington ratio, Lbol/LEdd, and also the correlation between the X-ray to UV flux ratio, αox, and the Eddington ratio, Lbol/LEdd. 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] λ 6300 Å and [SII] λλ 6717, and
6731 Å (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

active galactic nuclei (LLAGN, Ho et al. 1993). Currently, the
most accepted option is that they harbor AGN (see Ho 2008;
Márquez 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
González-Martín 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 (L2−10 keV ≈ 1039−1042 erg s−1), lower Eddington ra-
tios (Lbol/LEdd ≈ 10−4), and more massive black holes (MBH ≈
108 M�, 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), “LINERs 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 LINERs 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. González-Martín 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, MBH, and bolometric luminosities,
Lbol, González-Martín & 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 González-Martín
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 HEASARC1

archive to search for different observations with Chandra and

1 http://heasarc.gsfc.nasa.gov/

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.
NGC 4636 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 González-Martín 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 (CIAO2), 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.sl3, 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 NED4. 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. NGal mB E(B − V) Morph. type
(Mpc) (cm−2)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
NGC 1052 02 41 04.80 +08 15 20.8 0.0049 19.41 0.0307 11.436 0.027 E
NGC 3226 UGC 5617 10 23 27.01 +19 53 54.7 0.0059 23.55 0.0214 12.339 0.023 E
NGC 3627 M 66 11 20 15.03 +12 59 29.6 0.00242 10.28 0.0243 9.735 0.033 SABb(s)
NGC 4261 UGC 7360 12 19 23.22 +05 49 30.8 0.00737 31.62 0.0155 11.35 0.018 E
NGC 4278 M 98 12 20 06.83 +29 16 50.7 0.00216 16.07 0.0177 11.042 0.029 E
NGC 4552 M 89 12 35 39.81 +12 33 22.8 0.0038 15.35 0.0257 10.67 0.041 E
NGC 5846 UGC 9705 15 06 29.29 +01 36 20.2 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 mkwarf 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 χ2-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
camera5. The data were reduced in a systematic, uniform way
using the Science Analysis Software (SAS6), 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 χ2-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 (Strüder et al. 2001).
6 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 1σ 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 XSPEC7 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
González-Martín 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, NH, the temperature, kT , and the normalization,
Norm.

2. PL: a single power law model, which corresponds to a non-
thermal source representing an AGN. The column density,
NH, 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, NH, the
slope of the power law, Γ, and the normalization, Norm.

3. 2PL: a model containing two power laws with the same
slope, Γ. 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, NH1 and NH2, the slope of the power-law, Γ, and
the normalizations, Norm1 and Norm2.

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, NH1 and
NH2, the temperature, kT , the slope of the power law, Γ, and
the normalizations, Norm1 and Norm2.

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,
NH1 and NH2, the temperature, kT , the slope of the power
law, Γ, and the normalizations, Norm1 and Norm2.

For models 2PL, MEPL, and ME2PL we used two absorbers,
NH1 and NH2. These absorbers are included in the models as
abs(NH1)*PL + abs(NH2)*PL, abs(NH1)*Mekal + abs(NH2)*PL,
and abs(NH1)*(PL) + Mekal + abs(NH2)*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, FeKα, 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 FeXXVI 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:
Γ > 0.5, NH1 > NGal and NH2 > NH1.

We selected as the best fit the spectral fitting with χ2/d.o.f.
closer to unity and an F-test probability lower than 10−5 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 (SMF0). If this model was able to fit
all spectra, the source is not variable. SMF0 was used as the
baseline model for the next step otherwise. Second, we let the
parameters NH1, NH2, Γ, Norm1, Norm2, and kT vary individ-
ually (SMF1). Among these we chose the best fit as that with
χ2

r = χ
2/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 χ2

r 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) SMF0: the best simultaneous
fit with each parameters tied together for all observations (i.e.,

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 Rext = 25′′ and
Rint = 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 Rint to Rext) 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 Rext), 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 3σ and as
non-variable when its variations were below 1σ.

4.3.2. UV luminosities

Simultaneous XMM-Newton Optical Monitor (OM)8 data were
used to compute the UV luminosities. This monitor has three
different filters in the UV range, UVW2 centered at 1894 Å
(1805–2454) Å, UVM2 centered at 2205 Å (1970–2675) Å, and
UVW1 at 2675 Å (2410–3565) Å. We used these three filters
whenever possible.

We used the OM observation FITS source lists9 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/OM/
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

αox =
log (Lx/LUV)
log (νx/νUV)

, (1)

where LUV were computed from UVM2 and UVW1 filters
and Lx was computed using the integral

Fx(0.5−2.0 keV) =
∫ 2.0 keV

0.5 keV
Fν(2 keV)

(
ν

ν2 keV

)(1−Γ)
dν, (2)

leading to

L(2 keV) =
L(0.5−2.0 keV)
ν2 keV

2 − Γ
1 − 0.252−Γ · (3)

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 χ2/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 3σ (or 99.7% probability).

To check the variability amplitude of the light curves, we
calculated the normalized excess variance, σ2

NXS. We followed
prescriptions given by Vaughan et al. (2003) to estimate σ2

NXS
and its error, err(σ2

NXS) (see also González-Martín et al. 2011b):

σ2
NXS =

S 2 − 〈σ2
err〉

〈x〉2 (4)

err(σ2
NXS) =

√
2
N

( 〈σ2
err〉
〈x〉2

)2

+
〈σ2

err〉
N

4σ2
NXS

〈x〉2 , (5)

where x, σerr 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,

S 2 =
1

N − 1

N∑
i=1

(xi − 〈x〉)2. (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 Norm2 and NH2
(see Tables 3–5). Variations were 49% (Norm2) and 31% (NH2)
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 8.3σ (20%), and at hard energies
at 7.5σ (20%) over a period of eight years. The strongest vari-
ation for Norm2 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 NH2 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 χ2
r and σ2 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 3σ.

In Fig. 2 UV luminosities (Table 10) are represented for the
UVW2 and UVM2 filters. Variations at 7.3σ (or 16–25%) and 2σ
(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 NH2 (i.e., SMF1, Fig. 1), with a 74% amplitude vari-
ation. The resulting parameters (see Tables 5 and 6) indicate
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Fig. 1. For each object, all X-ray spectra are plotted together in the first row. Best fits and their residuals are also shown, one row per observation
from the second row on. The legends contain the date (in the format yyyymmdd) and the obs ID. Details are given in Table 2.
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Fig. 1. continued.

that X-ray soft and hard intrinsic luminosity variations were
below 1σ 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 NH2 (93%) and Norm2 (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 χ2 and σ2 (see Table 9 and Fig. C.2 (up)).
Data from 2006 showed χ2

r = 4.7 and a normalized excess
variance σNXS = 1.8 ± 0.1 × 10−2, 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
σNXS = 1.5±0.5×10−2. Therefore, we conclude that NGC 3226
might be contaminated by emission from NGC 3227, so its
short timescale variability cannot be assessed. Only UVW1
observations are available from OM (see Table 10 and Fig. 2),
with a 10–12% variation (7.4σ).

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 χ2
r , both spectra were individually best-fitted

with the MEPL model. The best simultaneous fit implied vari-
ations in NH2 (Fig. 1), from no absorption to NH2 = 1.28 ×
1022 cm−2 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 1σ 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

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 2σ 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., SMF0) resulted in a good
fit (χ2/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 1σ 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 SMF0). Thus, we obtained a non-variable source (Table 5
and Fig. 1). X-ray luminosity variations were below 1σ 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 2σ from the average.

Considering the UV range (Table 10), the variations
amounted to 9–11% (10.3σ) in the UVW1 filter and 28–39%
(9.3σ) in the UVM2 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
Norm2 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 11.2σ (9.6σ) 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 Norm2 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 Γ 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 Norm1
and Norm2 varied (i.e., SMF2, χ2

r = 1.21, see also Fig. 1),
with 93% and 78% amplitude variations (see Table 5). We found
intrinsic luminosity variations at 21.5σ (14.1σ) 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 Norm1 (21%) and Norm2 (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 SMF0 was used, resulting in a non-variable source when
fitting the MEPL model (Table 5 and Fig. 1) with flux variations
below 1σ 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 1σ on
the soft and hard energies for a period of seven months (Table 6).

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

5.2. Spectral variability

A rough description of the spectral shape is provided by HR.
Consequently, a first approximation of the spectral variations can
be obtained from the variation of HR. The use of HR allows in-
cluding observations whose number of counts are not enough
for a proper spectral fitting. Because the calculation of HR is
based on number counts, we only used data coming from the
same instrument for comparisons. We considered that variations
greater than 20% (2σ 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 NGC 4552. NGC 1052 and NGC 3226 showed
variations in NH2 (31% and 93%) and Norm2 (49% and 57%)
(in eight and one years), while NGC 4278 showed changes in
Norm2 (30%) (in three years). NGC 4552 showed variations in
Norm1 (21%) and Norm2 (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 (NGC 4261, 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

(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 UVM2.
NGC 3226 was observed with the filter UVW1, showing 11%
variation. NGC 4261 was observed with the filters UVW1
and UVM2, 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 χ2
r (and the probability of vari-

ability) and theσ2
NXS. Objects are considered to be variable when

the count rates are different 3σ from the average. No short-term
variability (from hours to days) was found in our sample10.

6. Discussion

We have performed an X-ray spectral analysis to search for
variability in seven LINER nuclei, three type 1.9 (NGC 1052,
NGC 3226, and NGC 4278) and four type 2 (NGC 3627,
NGC 4261, NGC 4552, and NGC 5846). 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 NGC 4552) 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 NGC 4261) revealed
variations on timescales of years.

– Main driver for the variability: Among the variable sources,
NGC 4278 presented variations in Norm2, NGC 4552 in
Norm1 and Norm2, and NGC 1052 and NGC 3226 in NH2
and Norm2. In all variable LINERs 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 NGC 4579) showed no short timescale variabil-
ity. The power spectral density (PSD) profiles of the 14 LINERs
included in the sample of 104 AGN in González-Martín &
Vaughan (2012), showed no short-term variability except for two
objects (3C 218 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 χ2

r and the normalized excess variance, σ2
NXS, (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 NH2 (49%)
and Norm2 (31%) in a period of eight years, NGC 3226 also
varied NH2 (93%) and Norm2 (57%) in a period of one year,
NGC 4278 varied Norm2 (30%) in a period of one year, and
NGC 4552 varied Norm1 (21%) and Norm2 (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 NH 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 (Norm2). 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 LINERs at short timescales.

Three types of long-term X-ray variability patterns have
been found in our sample: (1) variations in the soft excess
(NGC 4552); (2) variations of the obscuring matter (NGC 1052
and NGC 3226); and (3) variations of the intrinsic source
(NGC 1052, NGC 3226, NGC 4278, and NGC 4552). As for
NGC 4552, variations at soft energies have already been re-
ported in the literature for the type 2 LINER NGC 4102
(González-Martín 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 NH 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 NH 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 power11. According to the
revised relation between the BH mass, bolometric luminosi-
ties and timescales of variations, González-Martín & Vaughan
(2012) predicted that LINERs (with MBH ∼ 108−9 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 MBH and Lbol),
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 variations12

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 NGC 4278 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 LINERs 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

11 Although the dependence on the bolometric luminosity does not
seem to be so strong according to González-Martín & Vaughan (2012).
12 Variations are needed for more than one parameter in the spectral
fitting.
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Fig. 3. Anticorrelation between the spectral in-
dex, Γ from individual fits, vs. the Eddington
ratio, log (Lbol/LEdd), for our sample galaxies.
The solid line represents the relation given by
Younes et al. (2011), while the dashed line rep-
resents that by Gu & Cao (2009), both shifted
to the same bolometric correction (see text).

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 NGC 4261. 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 Lbol/LEdd < 10−3. 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, Γ, and the
Eddington ratio, Lbol/LEdd 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

the negative correlation is shown. Log (Lbol/LEdd) were calcu-
lated following the formulation given in Eracleous et al. (2010),
using Lbol = 33L2−10 keV. We corrected the equation given by
Younes et al. (2011) by this factor (they used Lbol = 16L2−10 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 Γ. 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
in Γ.

We also computed the X-ray-to-UV-flux ratio, αox (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 αox between [–0.81, –1.66], in good agreement
with previous studies (Maoz 2007; Younes et al. 2012). Although
they are similar to the αox given for powerful AGN, these values
were slightly lower (Maoz 2007). This may indicate the lack or
absence of the “big blue bump”.

When αox 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 αox and log (Lbol/LEdd),
in contrast with the anticorrelation found for powerful AGN. To
compare the results from Younes et al. (2012) and ours, we re-
calculated log (Lbol/LEdd) 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 αox and log (Lbol/LEdd). 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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NGC1052

NGC3226

NGC3627

NGC4261

NGC4278

NGC4552

NGC5846

NGC315

NGC3226

NGC3998

NGC4143

NGC4278

Fig. 4. Correlation between the X-ray to
UV flux ratio, αox, vs. the Eddington ratio,
log (Lbol/LEdd). Star symbols correspond to the
sources in Younes et al. (2012).

7. Conclusions

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, Γ, and the Eddington ratio, Lbol/LEdd. We also found
a correlation between the X-ray to UV flux ratio, αox, and
the Eddington ratio, Lbol/LEdd. Both relations are compati-
ble with inefficient flows being the origin of the accretion
mechanism in these sources.
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Table 2. Observational details.

NGC 1052
Satellite Obs ID Date Radius Exptime Net Exptime Counts HR OM

(′′) (ks) (ks) (0.5–10 keV)
(1) (2) (3) (4) (5) (6) (7) (8) (9)
XMM-Newtonc 093630101 2001-08-15 25 16.3 11.2 5818 0.28 +− 0.06 No
XMM-Newton 306230101 2006-01-12 25 54.9 44.8 25 565 0.34 +− 0.03 Yes
XMM-Newton 553300301 2009-01-14 25 52.3 42.4 27 367 0.39 +− 0.02 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 30 643 0.42 +− 0.02 Yes
Chandra (ACIS-S)∗ 385 2005-09-18 3 2.4 2.3 270 0.36 +− 0.24 –
Chandra (ACIS-S)∗ c 5910 2000-08-29 3 60.0 59.2 6549 0.40 +− 0.04 –

NGC 3226
XMM-Newtonc 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 –0.32 +− 0.01 Yes
Chandra (ACIS-S)∗ c 860 1999-12-30 3 47.0 46.6 476 0.53 +− 0.12 –
Chandra (ACIS-S)* 1616 2001-03-23 3 2.5 2.2 193 –0.20 +− 0.31 –

NGC 3627
XMM-Newtonc 0093641101 2001-05-26 25 11.2 5.1 1181 –0.63 +− 0.02 Yes
Chandra (ACIS-S)∗ 394 1999-11-03 8 1.8 1.8 7 – –
Chandra (ACIS-S)c 9548 2008-03-31 8 50.2 49.5 964 –0.40 +− 0.05 –

NGC 4261
Chandra (ACIS-S) 834 2000-05-06 3 35.2 34.4 3465 –0.58 +− 0.01 –
Chandra (ACIS-S)c 9569 2008-02-12 3 102.2 100.9 7757 –0.47 +− 0.01 –
XMM-Newton 0056340101 2001-12-16 25 33.2 21.3 10 730 –0.68 +− 0.01 Yes
XMM-Newtonc 0502120101 2007-12-16 25 127.0 63.0 32 156 –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)c 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 –0.82 +− 0.01 –
Chandra (ACIS-S)∗ 12124 2010-03-20 3 26.2 25.8 576 –0.92 +− 0.01 –
XMM-Newton∗ c 0205010101 2004-05-23 25 35.9 20.8 34 516 –0.60 +− 0.01 Yes

NGC 4552
Chandra (ACIS-S)c 2072 2001-04-22 3 55.1 54.4 2288 –0.75 +− 0.01 –
XMM-Newtonc 0141570101 2003-07-10 25 44.8 17.3 12180 –0.81 +− 0.01 Yes

NGC 5846
XMM-Newtonc 0021540101 2001-01-25 25 30.0 25.6 25 905 –0.94 +− 0.01 Yes
XMM-Newtond 0021540501 2001-08-26 25 19.7 10.0 10 027 –0.95 +− 0.01 Yes
Chandra (ACIS-S)c 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. (c) Observations used to compare XMM-Newton and Chandra data. (d) Observation
with only optical OM data (UV not available).
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Table 3. F-test and χ2/d.o.f. applied to the SMF0.

Name Instrument Best fit Test vs. (NH1) vs. (NH2) vs. (kT ) vs. (Γ) vs. (Norm1) vs. (Norm2) Var.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
NGC 1052 XMM ME2PL F-test 1 2.29e-113 0.07 8.5071e-114 – 5.27e-128 Norm2

χ2/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 NH2

χ2/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 NH2

χ2/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

χ2/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

χ2/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 Norm2

χ2/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 1.45e-03 5.70e-133 6.76e-94 Norm1

χ2/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

χ2/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

χ2/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 χ2/d.o.f. applied to the SMF1.

Name Instrument Var. Test vs. (NH1) vs. (NH2) vs. (kT ) vs. (Γ) vs. (Norm1) vs. (Norm2) Var.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
NGC 1052 XMM Norm2 F-test 1 2.94e-10 0.03 4.12e-04 – NH2

χ2/d.o.f. 1.07 1.05 1.07 1.06 –
NGC 3226 XMM NH2 F-test 1.59e-03 – 3.84e-07 1.75e-06 1.33e-06 None

χ2/d.o.f. 0.97 – 0.96 0.96 0.96
NGC 3627 Both NH2 F-test 2.46e-03 0.35 0.01 1 2.92e-03 None

χ2/d.o.f. 1.46 1.63 1.52 2.44 1.47
NGC 4278 Chandra Norm2 F-test 1 1 0.13 0.62 0.96 None

χ2/d.o.f. 1.00 1.00 0.99 1.00 1.00
NGC 4552 Both Norm1 F-test 0.93 0.94 0.02 4.17e-10 4.15e-24 Norm2

χ2/d.o.f. 1.65 1.65 1.62 1.50 1.28

Notes. When no variation in one parameter is needed, we marked it as “−”. 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 Obs ID Best fit NH1 NH2 kT Γ Norm1 Norm2 χ2/d.o.f.
(1022 cm−2) (1022 cm−2) keV (10−4) (10−4)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
NGC 1052
XMM-Newton 093630101 ME2PL – 13.7715.78

11.95 0.620.69
0.51 1.241.35

1.11 1.051.13
0.97 6.094.55

4.79 269.16/234
XMM-Newton 306230101 ME2PL – 9.309.82

8.79 0.50 0.55
0.45 1.301.36

1.24 1.051.09
1.01 7.208.14

6.34 799.19/822
XMM-Newton 553300301 ME2PL – 8.969.39

8.54 0.610.64
0.57 1.381.43

1.32 1.091.14
1.06 10.1611.31

9.10 923.38/869
XMM-Newton 553300401 ME2PL – 9.479.86

9.09 0.530.61
0.48 1.431.48

1.38 1.101.14
1.06 12.0213.32

10.82 1006.47/937
Chandra (3′′)* 5910 ME2PL – 5.336.86

3.84 0.640.69
0.58 1.211.46

1.05 0.370.47
0.37 0.571.06

0.35 261.04/226
Chandra (25′′)* 5910 ME2PL – 8.1311.49

5.36 0.610.65
0.57 1.251.50

1.00 0.490.66
0.49 0.611.21

0.19 319.40/269
XMM-Newton 093630101 ME2PL – 14.1415.77

12.66 0.590.61
0.57 1.361.39

1.33 1.091.11
1.06 8.068.89

7.31 3043.69/2886
Simultaneous 306230101 9.8010.26

9.36 8.388.97
7.82

553300301 8.759.11
8.40 9.7410.40

9.11

553300401 9.219.55
8.88 10.4111.11

9.75

NGC 3226
XMM-Newton 0101040301 2PL 0.110.15

0.05 1.031.35
0.76 – 1.691.81

1.58 0.710.92
0.47 1.852.28

1.50 245.87/252
XMM-Newton 0400270101 PL 0.170.18

0.16 – – 1.741.77
1.72 – – 635.19/663

Chandra (3′′)* 860 PL 0.180.41
0.00 – – 1.732.10

1.47 – – 9.72/17
Chandra (25′′)* 860 2PL 0.290.70

0.10 15.80114.58
0.00 – 1.713.00

1.34 2.034.48
0.00 1.4316.49

0.00 26.30/28
XMM-Newton 0101040301 2PL 0.090.12

0.05 0.860.99
0.76 – 1.731.77

1.71 0.860.98
0.76 1.892.09

1.68 905.42/920
Simultaneous 0400270101 0.220.24

0.19

NGC 3627
XMM-Newton 0093641101 MEPL – – 0.330.52

0.29 1.782.09
1.57 0.000.02

0.00 0.680.83
0.60 54.91/35

Chandra (8′′) 9548 MEPL – 0.050.15
0.00 0.650.80

0.46 1.451.70
1.25 0.060.21

0.05 0.240.31
0.19 33.63/34

Chandra (25′′)* 9548 MEPL – – 0.400.51
0.35 1.491.63

1.38 0.310.37
0.24 0.550.61

0.50 149.42/96
Both 0093641101 MEPL – – 0.630.68

0.58 2.332.42
2.25 0.140.15

0.12 0.900.96
0.85 125.5/77

Simultaneous 9548 1.28 1.48
1.11

NGC 4261
Chandra 834 ME2PL 0.180.47

0.06 11.8916.01
9.31 0.580.60

0.56 2.113.07
1.52 0.290.55

0.19 4.7225.76
1.60 110.82/80

Chandra (3′′) 9569 ME2PL 0.180.47
0.08 8.4010.20

6.90 0.570.58
0.56 1.241.51

1.07 0.260.37
0.20 2.134.57

1.18 198.74/157
Chandra (25′′)* 9569 ME2PL – 9.0312.90

6.55 0.610.62
0.60 1.161.39

0.89 0.350.47
0.35 0.641.11

0.29 382.42/218
Chandra 834/9569 ME2PL 0.180.31

0.09 9.3810.84
7.96 0.570.58

0.56 1.872.19
1.55 0.270.34

0.21 2.704.86
1.49 312.57/247

Simultaneous
XMM-Newton 0056340101 ME2PL 0.080.15

0.01 11.9714.73
9.31 0.630.64

0.61 1.842.22
1.45 0.720.94

0.54 2.826.30
1.11 278.12/255

XMM-Newton 0502120101 ME2PL 0.040.07
0.00 9.7111.14

8.30 0.640.65
0.64 1.751.97

1.54 0.640.74
0.55 2.303.65

1.40 563.80/461
XMM-Newton 0056340101 ME2PL 0.040.08

0.01 10.2811.56
9.02 0.640.65

0.63 1.761.95
1.57 0.670.76

0.58 2.363.54
1.53 855.28/726

Simultaneous 0502120101
NGC 4278
Chandra(3′′) 7077 MEPL 0.310.58

0.05 0.010.03
0.00 0.270.38

0.19 2.062.15
1.99 0.806.21

0.18 0.981.06
0.90 144.23/158

Chandra(25′′)* 7077 MEPL 0.160.45
0.01 – 0.300.37

0.21 1.881.95
1.83 0.813.96

0.28 1.321.39
1.27 250.15/210

Chandra 7081 MEPL – – 0.630.68
0.57 2.032.10

1.99 0.120.14
0.09 0.770.82

0.75 155.54/145
Chandra 7080 MEPL 0.220.71

0.00 – 0.470.61
0.18 2.102.25

2.03 0.2413.76
0.07 0.690.79

0.65 102.53/96
XMM-Newton* 0205010101 PL 0.020.03

0.02 – – 2.042.08
2.01 – – 562.25/529

Chandra 7077 MEPL – – 0.580.62
0.48 2.052.11

2.03 0.110.12
0.10 0.971.02

0.82 414.71/415
Simultaneous 7081 0.780.82

0.77

7080 0.680.72
0.65

NGC 4552
Chandra (3′′) 2072 MEPL 0.230.33

0.00 – 0.65 0.75
0.59 1.852.13

1.74 0.360.56
0.16 0.290.41

0.26 72.49/67
Chandra (25′′)* 2072 MEPL 0.030.05

0.00 0.00 0.02
0.00 0.600.62

0.58 1.891.96
1.82 1.641.82

1.48 0.910.97
0.85 161.64/133

XMM-Newton 0141570101 MEPL 0.010.05
0.00 – 0.59 0.61

0.58 1.921.98
1.85 2.122.37

1.98 1.461.55
1.38 282.04/254

Both 2072 MEPL – – 0.600.62
0.59 1.861.91

1.81 0.150.17
0.13 0.310.33

0.29 397.01/328
Simultaneous 0141570101 2.112.35

1.96 1.401.48
1.32

Notes. Satellite (Col. 1), obs ID (Col. 2), best-fit model (Col. 3), parameters in the model (Cols. 4–9) and χ2/d.o.f. (Col. 10). (∗) Observations not
used in the simultaneous fit.
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Table 5. continued.

Instrument Obs ID Best fit NH1 NH2 kT Γ Norm1 Norm2 χ2/d.o.f.
(1022 cm−2) (1022 cm−2) keV (10−4) (10−4)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
NGC 5846
XMM-Newton 0021540101 MEPL – – 0.610.61

0.60 2.052.17
1.92 5.095.17

5.00 0.610.68
0.53 356.05/266

XMM-Newton 0021540501 MEPL 0.040.07
0.01 – 0.620.63

0.60 2.202.40
1.99 5.556.07

5.10 0.690.81
0.56 227.57/194

XMM-Newton 0021540101 MEPL – – 0.620.62
0.61 2.052.14

1.94 5.065.13
4.98 0.610.67

0.54 606.06/469
Simultaneous 0021540501
Chandra(7′′) 788 MEPL – 0.210.43

0.00 0.610.64
0.57 3.060

2.24 0.520.79
0.48 0.400.76

0.18 41.72/50
Chandra(25′′)* 788 MEPL – – 0.620.63

0.60 1.531.99
1.27 2.832.97

2.69 0.670.81
0.53 188.51/137

Chandra 7923 MEPL 0.110.18
0.00 0.080.33

0.00 0.600.64
0.57 2.733.20

2.27 0.770.98
0.54 0.210.38

0.12 63.24/59
Chandra 788/7923 MEPL – 0.210.38

0.14 0.620.64
0.60 3.110

2.40 0.520.56
0.48 0.380.68

0.23 105.82/110
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 Obs ID 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
(1) (2) (3) (4) (5) (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]

A47, page 18 of 31



L. Hernández-García et al.: X-ray variability in LINERs

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 NH1 NH2 kT Γ χ2
r log Lsoft log Lhard Cont.

(1022 cm−2) (1022 cm−2) (keV) (0.5–2 keV) (2–10 keV) %
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
NGC 1052 (5910) Ring ME2PL – 26.1038.14

16.93 0.310.39
0.28 1.982.23

1.71 1.47 40.185 40.563 10
NGC 1052 (093630101) Nucleus ME2PL – 7.549.98

5.20 0.780.89
0.68 1.691.86

1.50 1.13 39.875 41.235
NGC 3226 (860) Ring PL – – – 1.421.07

1.85 1.89 40.482 40.557 20
NGC 3226 (0101040301) Nucleus 2PL 0.351.88

0.00 1.021.88
0.00 – 1.721.58

1.88 1.00 40.623 40.912
NGC 3627 (9548) Ring MEPL – – 0.410.49

0.35 1.71 1.85
1.58 1.35 39.302 39.384 92

NGC 3627 (093641101) Nucleus MEPL – – 0.711.02
0.40 3.373.76

2.97 1.16 38.990 38.125
NGC 4261 (9569) Ring MEPL 0.060.11

0.03 0.000.04
0.00 0.610.62

0.59 1.872.07
1.70 2.07 40.663 40.252 37

NGC 4261 (0502120101) Nucleus ME2PL – 8.299.89
7.28 0.670.68

0.65 1.561.72
1.41 1.21 40.857 41.051

NGC 4278 (7077) Ring MEPL – – 0.290.36
0.19 1.611.71

1.51 1.12 39.551 39.707 38
NGC 4278 (0205010101) Nucleus PL 0.020.03

0.02 2.052.10
2.03 1.05 40.681 40.736

NGC 4552 (2072) Ring MEPL – – 0.600.62
0.57 1.922.06

1.81 1.47 39.648 39.304 23
NGC 4552 (0141570101) Nucleus MEPL – – 0.580.62

0.52 1.902.06
1.80 1.10 40.053 39.878

NGC 5846 (788) Ring MEPL – – 0.610.62
0.59 1.872.46

1.61 1.63 40.815 40.217 73
NGC 5846 (0021540101) Nucleus MEPL – – 0.630.64

0.61 4.003.56 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.

Obs ID NH1 NH2 kT Γ Norm1 Norm2 χ2/d.o.f. log Lsoft log Lhard

(1022 cm−2) (1022 cm−2) keV (10−4) (10−4) (0.5–2 keV) (2–10 keV)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
NGC 1052

0093630101 – 6.117.18
5.07 0.680.73

0.63 1.581.70
1.47 0.480.53

0.44 1.281.69
0.95 577.98/477 40.3540.36

40.34 41.3341.35
41.32

5910 40.3540.36
40.34 41.2741.28

41.26

NGC 3226

0101040301 0.340.01
0.54 1.031.42

0.68 – 1.721.86
1.60 0.550.93

0.03 1.591.23
2.11 268.434/279 40.71040.732

40.688 41.68141.725
41.633

860 0.070.00
0.32 0.680.92

0.34 40.51040.581
40.425 40.95840.978

40.938

NGC 4261

0502120101 0.030.08
0.00 7.648.74

6.58 0.600.61
0.59 1.551.75

1.36 0.220.26
0.19 1.532.25

1.04 972.83/627 40.8440.84
40.84 41.0341.05

41.01

9569 40.8440.85
40.83 40.9941.01

40.97

NGC 4278

0205010101 0.030.03
0.02 – – 2.112.14

2.08 7.747.95
7.54 844.93/690 40.7140.72

40.71 40.7140.72
40.70

7077 1.151.18
1.11 39.8939.89

39.88 39.8639.87
39.84

NGC 4552

0141570101 0.020.04
0.00 0.010.05

0.00 0.640.66
0.61 1.852.00

1.78 0.770.90
0.70 0.841.01

0.76 380.50/327 40.0540.05
40.04 39.9039.93

39.88

2072 0.160.18
0.14 0.310.37

0.28 39.5139.53
39.49 39.4739.51

39.42

Notes. Name and obs ID in parenthesis (Col. 1), parameters of the best-fit model (Cols. 2–7), χ2/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), χ2/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 χ2/d.o.f. Prob. σ2 err(σ2)
(%) (10−2) (10−2)

(1) (2) (3) (4) (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 0.354

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 Obs ID Filter log L αox

(erg/s)
(1) (2) (3) (4) (5)

NGC 1052 0306230101 UV M2 41.038 +− 0.013 –0.94 +− 0.03
0306230101 UVW2 40.938 +− 0.028
0553300301 UV M2 41.139 +− 0.012 –0.95 +− 0.03
0553300301 UVW2 40.947 +− 0.026
0553300401 UV M2 41.041 +− 0.014 –0.91 +− 0.03
0553300401 UVW2 40.885 +− 0.025

NGC 3226 0101040301 UVW1 41.375 +− 0.006 –1.15 +− 0.70
0400270101 UVW1 41.327 +− 0.001 ∗

NGC 3627 0093641101 UVW1 41.367 +− 0.007 –1.66 +− 0.05
NGC 4261 0056340101 UV M2 41.431 +− 0.024 –1.04 +− 0.05

0056340101 UVW1 42.169 +− 0.005
0502120201 UV M2 41.609 +− 0.014 –1.11 +− 0.03
0502120201 UVW1 42.214 +− 0.001

NGC 4278 0205010101 UVW1 40.903 +− 0.020 –1.11 +− 0.02
NGC 4552 0141570101 UVW2 41.273 +− 0.033 –1.28 +− 0.04
NGC 5846 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 Lsoft log Lhard log MBH Lbol/LEdd Variability T HR
(0.5–2 keV) (2–10 keV) SMF0 SMF1 SMF2 (Years)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

NGC 1052 (X) AGN 41.04 41.52 8.07 7.2 ×10−4 ME2PL Norm2 NH2 8
1.9 20% 20% 49% 31% 33%

NGC 3226 (X,C) AGN 40.78 41.01 8.22 1.6 ×10−4 2PL NH2 Norm2 1
1.9 37% 81% 93% 57%

NGC 4261 (X) AGN 40.98 41.02 8.96 2.9 ×10−5 ME2PL – – 8
2 0% 0% 0%

(C) ME2PL – – 6
0% 0% 19%

NGC 4278 (C) AGN 39.80 39.75 8.46 5.0 ×10−6 MEPL Norm2 – 1
1.9 26% 29% 30% 40%∗

NGC 4552 (X,C) AGN 39.49 39.45 8.84 1.0 ×10−6 MEPL Norm1 Norm2 2
2 73% 63% 93% 78%

NGC 5846 (X) Non-AGN 40.29 39.33 8.49 1.8 ×10−6 MEPL – – 7
2 0% 0% 1%

(C) 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 González-Martín et al. (2009a) (Col. 5), Eddington ratio, calculated from Eracleous (2010)
using Lbol = 33 L2−10 keV (Col. 6), best fit for the SMF0 (Col. 7), parameter varying in SMF1, with the percentage of variation (Col. 8), parameter
varying in SMF2, with the percentage of variation (Col. 9), the sampling timescale for variations (Col. 10), and variations in the hardness ratios
(Col. 11). (∗) For all Chandra data. With useful spectroscopic data variations are 4%.
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Appendix A: Notes and comparisons with previous
results for individual objects

A.1. NGC 1052

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

NGC 1052 was observed twice with Chandra and five times
with the XMM-Newton satellite, which makes it a good can-
didate for studying variability. The general characteristics of
the two Chandra observations Obs ID 385 (taken in 2000)
and Obs ID 5910 (2005) were reported by González-Martín
et al. (2009b) and Boroson et al. (2011), respectively, show-
ing quite different spectral behavior with a flatter spectral in-
dex, lower NH, 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 González-Martín et al. (2009b), Boroson et al. (2011), and
this work (with log (L(2−10 keV)) = 41.4+0.1

−0.8, 41.4+−0.01 and
41.3+0.00

−0.02, respectively).
Only one XMM-Newton observation (Obs ID 306230101

taken in 2006) was previously analyzed by González-Martín
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 González-Martín 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 González-Martín et al. (2009b),
Brightman & Nandra (2011), and this paper (intrinsic luminosity
of log (L(2−10 keV)) ∼ 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 González-Martín 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

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+0.01

−0.00 and
log (L(2−10 keV)) = 40.55+0.02

−0.08, 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 NH. We find spectral parameters in agreement to
those of Younes et al. (2011) for the XMM-Newton and Chandra
data and obtained a χ2

r = 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 González-Martín 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
Obs ID 394 from 1999, using the PL model with Γ = 1.8,
deriving similar luminosities, log (L(2−10 keV)) = 37.6 and
37.9, respectively. Chandra Obs ID 9548 was analyzed by
Grier et al. (2011), who used the PL with Γ = 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+1.9, the difference is most prob-
ably due to the different models used for the analysis. The
XMM-Newton observation was analyzed by González-Martín
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. NGC 4261

NGC 4261 contains a pair of symmetric kpc-scale jets
(Birkinshaw & Davies 1985) and a nuclear disk of dust roughly
perpendicular to the radio jet (Ferrarese et al. 1996). 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 Obs ID 834 and
XMM-Newton Obs ID 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, González-Martín 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 González-Martín
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
NH, 16.45 × 1022 cm−2 for González-Martín et al. (2009b) and
8.4 × 1022 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)) = 41.1+0.1

−0.7 in González-Martín et al.
(2009b). We used the ME2PL model to fit this spectrum and
found spectral parameters and luminosities in agreement with
González-Martín et al. (2009b).

The XMM-Newton observation Obs ID 056340101 taken
in 2001 was analyzed by González-Martín 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 (González-Martín 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 (41.2+0.0

−0.7) reported by
González-Martín 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. NGC 4278

NGC 4278 is an elliptical galaxy classified as type 1.9 LINER
by Ho et al. (1997), who found a relatively weak, broad Hα 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 González-Martín 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 NGC 4278. They fitted jointly the two spectra from 2010

with a thermal (kT = 0.75+−0.05 keV) plus a power law (Γ =
2.31+−0.20, NH = 4.18+−3.13 × 1020 cm−2) 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 Obs ID 2072
(Filho et al. 2004; Xu et al. 2005; González-Martín et al. 2009b;
Grier et al. 2011; Boroson et al. 2011). Filho et al. (2004) and
González-Martín et al. (2009b) fitted the spectra to the MEPL,
obtaining compatible results with log (L(2−10 keV)) = 39.4 and
39.2+0.2

−0.4, respectively. Xu et al. (2005) and Grier et al. (2011)
obtained log (L(0.3−10 keV)) = 39.6 and 40.0+0.01

−0.01, respectively,
by fitting a single PL. Our results (log L(2−10 keV) = 39.5+0.7

−0.4)
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 González-Martín 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 Obs ID 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 39.6+−0.4, respectively), maybe entirely due to the differ-
ent models used. Our luminosity (log (L(2−10 keV)) = 39.3+0.2

−0.3)
agrees well with those from Satyapal et al. (2005) and Trinchieri
& Goudfrooij (2002). González-Martín 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 González-Martín
et al. (2009b) based on data taken on 2001 were fitted with the
ME2PL model, resulting in a log L (2−10 keV) = 40.8+0.0

−2.4, in
agreement with our results (40.2+−0.0).
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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.

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

The plots corresponding to the light curves are provided.

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.

Fig. C.3. Light curves for NGC 3627.
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Fig. C.4. Light curves for NGC 4261.
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Fig. C.5. Light curves for NGC 4278.

Fig. C.6. Light curves for NGC 4552.
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Fig. C.7. Light curves for NGC 5846.
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