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Low-ionization nuclear emission-line regions (LINERs) are specially interesting objects
since not only they represent the most numerous local Active Galactic Nuclei population,
but they could be the link between normal and active galaxies as suggested by their low
X-ray luminosities. The origin of LINER nuclei being still controversial, our works, through
a multiwavelength approach, have contributed, firstly, to confirm that a large number of
nuclear LINERs in the local universe are AGN powered. Secondly, from the study of X-ray
spectral variability, we found that long term variations are very common, and they are
mostly related to hard energies (2—10keV). These variations might be due to changes in
the absorber and/or intrinsic variations of the source. Thirdly, Mid-infrared (MIR) imaging
also indicates that LINERs are the low luminosity end of AGN toward lower luminosities,
and MIR spectroscopy shows that the average spectrum of AGN-dominated LINERs with
X-ray luminosities Lx(2-10 keV) > 10*! erg/s is similar to the average mid-IR spectrum
of AGN-dominated Seyfert 2s; for fainter LINERS, their spectral shape suggests that
the dusty-torus may disappear. Fourth, the extended Ha emission of LINERs at HST
resolution indicates that they follow remarkably well the Narrow Line Region morphology
and the luminosity-size relation obtained for Seyfert and QSOs; HST Hae morphology may
suggest the presence of outflows, which could contribute to the line broadening, with
the resulting consequences on the percentage of LINERs where the Broad Line Region
is detected. This issue is being revisited by our group with a high spectral resolution
set of optical data for nearby type-1 LINERs. Finally, concerning systematic studies on
the role of star formation in LINERs, which are scarce, our contribution deals with the
study of a sample of the most luminous, highest star formation rate LINERs in the local
Universe (at z from 0.04 to 0.11), together with its comparison with both lower-redshift
LINERs and luminous LINERs previously detected at z ~ 0.3. Most of our sources have
Lagn ~ Lsr, suggesting co-evolution of black hole and stellar mass. The AGN luminosity
of local LINERs generally is related to the position they occupy on the main-sequence
traced by Star Forming galaxies.
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AGN LINERs

1. INTRODUCTION

LINERs (Low Ionization Nuclear Emission Line Regions) were
initially classified among Active Galactic Nuclei (AGN) since
their emission line ratios could not be explained as produced
by star forming processes (Heckman, 1980); they show optical
spectra dominated by emission lines from low ionization species
[(OI), (NII), (SII)] and faint high-ionization emission lines.
The quantification of these properties is given by the position
they occupy in diagnostic diagrams using optical (Veilleux and
Osterbrock, 1987; Kewley et al., 2006) or Mid-infrared emission
line ratios (Sturm et al., 2005, 2006; Bendo et al., 2006; Dale
et al., 2006; Rupke et al., 2007; Smith et al., 2007). AGN were
widely recognized as sources photo-ionized by a power-law
continuum (Halpern and Steiner, 1983). Nevertheless, already
pioneering works showed that the spectra of LINERs could also
be explained by shock ionization models (Dopita and Sutherland,
1995; Franceschini et al., 2005) and photoionization by post-AGB
stars, specially in the case of weak LINERs in ellipticals (Binette
etal., 1994). Some LINER nuclei show broad permitted emission
lines (type-1 LINERs, about 25% of all local LINERs, see Ho
2002) that, if confirmed as being produced by the Broad Line
Region (BLR), would unambiguously connect type-1 LINERs to
the AGN family. In the case of type-2 LINERs, the debate is
still open, with the interpretation of all type-2 LINERSs as low-
luminosity AGN beeing still controversial, since the contribution
from evolved (post-AGB) stars, low mass X-ray binaries or diffuse
thermal plasma may have an important role (see Ho et al. 1997a
for a full discussion on the topic; see also Eracleous et al. 2002;
Stasinska et al. 2008; McKernan et al. 2010).

Already in Heckman’s seminal work, LINERs were found to
have lower luminosities that Seyfert nuclei and were generally
identified in early-type hosts, a result which is irrespective of the
interaction class, in the sense of finding the same morphologies in
isolated and interacting LINER galaxies (Marquez and Masegosa,
2010; Mérquez et al, 2010). LINERs are frequently found
among nearby galaxies. For instance, around 40% of the galaxies
in the Palomar Spectroscopic Survey (Ho et al, 1997a, and
references therein) fall in this category. In the recent work
by Leslie et al. (2016), 6.5% of the 202708 galaxies in their
sample are classified as LINERs. Evidence is also compelling
on LINERs probaly hosting heavily obscured (Compton-thick)
AGN (Gonzélez-Martin et al., 2009a, and references therein)
which may imply that they may be even more numerous than
previously deduced from optical selections. Therefore, their study
seems relevant for understanding the demography of nearby
AGN. AGN LINERs are found to be located at the faintest
end of the fundamental correlation between star formation rate
and accretion, representing very inefficient accreting systems
(Satyapal et al. 2004; Dudik et al. 2005; Satyapal et al. 2005;
Ho 2008; but see Netzer 2009). Ho (2009) places them in a
sequence of decreasing Ly,/Lggy which goes from Seyferts to
LINERs, and transition objects, down to passive absorption-line
systems. Understanding LINERs would therefore be important
for a better understanding of low-efficiency accretion processes
and their connection with higher power AGN activity. Provided
that the mass of the central supermassive black hole and the mass

of the hosting galaxy bulge are correlated and that there exists
the expected connection between AGN with galaxy formation
and evolutionary processes (e.g., Leslie et al. 2016), the study
of LINERs is relevant for inferring their role as eventual end-
products in the evolution of galaxies (see for instance Wang et al.
2008).

Together with the host contamination, the presence of
eventual extinction and circumnuclear star formation hamper
the detection and characterization of such faint sources, still
today. After more than 30 years of research, it is clear that the
nature of the ionizing source in LINERs have to be studied
through a multi-wavelength approach (review by Ho, 2008 and
references therein).

This paper is focused on the contributions from our group
on the multi-wavelength research on LINERs that we started
more than a decade ago, and that mainly refer to (i) the study
of the X-ray properties and variability of LINERSs, (ii) the analysis
of their mid-infrared Spitzer spectroscopy, (iii) the morphology
of the ionized galaxies in the nuclear regions with high spatial
resolution HST imaging, (iv) the study of optical emission lines
in local type-1 LINERs and (v) the determination of the star
formation properties of LINERs at low redshifts (from 0.04 to
0.11). Before going deeper into the details, we want to emphasize
that we use the available information to minimize in our samples
the contamination from those LINERs that could not belong to
the AGN family, as explained in the following section.

2. AGN LINERS

Previous works have shown that LINER-like spectra can also
arise in a galactic disc (see for example Gonzalez-Martin et al.
2009b). In fact the contribution from fast shocks in extra-nuclear
spectra, the so-called Low Ionization Emission Region (LIER),
can produce the observed optical line ratios (Dopita et al., 1997)
as can ejecta from starburst driven winds (Armus et al., 1990)
or even a diffuse ionized plasma (Collins and Rand, 2001). An
example for the LINER galaxy NGC5966 is given in Figure 1.

The challenge is to determine which sources with a LIER-like
spectrum actually harbor a LINER powered by an AGN. To make
this determination, a number of diagnostics exist at different
wavelengths (Baldwin et al., 1981; Veilleux and Osterbrock, 1987;
Sturm et al., 2005, 2006; Bendo et al., 2006; Dale et al., 2006;
Kewley et al., 2006; Rupke et al., 2007; Smith et al., 2007). In
addition to the traditional diagrams by Baldwin et al. (1981) BPT,
the use of the WHAN diagnostics (which use the width of He,
WHe, vs. [N II]/Ha) by Cid Fernandes et al. (2011) has been
recently added to discriminate between weak AGN and retired
galaxies where the process of forming stars has stopped and hot
low-mass evolved stars are the ionizing source. Even if a great
proportion of galaxies belonging to the initial LINER class are
reclassified as retired galaxies, all LINERs with WHo > 3 A are
considered as weak AGN (see Figures 1, 6 in Cid Fernandes et al.,
2011).

The detection of broad permitted lines (type-1 LINERs) is
another indication of an AGN, as they are the detection of point
like sources with AGN-like spectral properties at X-ray, UV
and radio frequencies, and which are more secure indicators in
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FIGURE 1 | Diagnostic BPT diagrams for the LINER galaxy NGC 5966. The crosses correspond to the different locations across the galaxy provided by integral field
spectroscopic data. The black solid curve is the theoretical maximum starburst model (Kewley et al., 2001). The black-dashed curves represent the Seyfert-LINER
dividing line (Kewley et al., 2006; Schawinski et al., 2007). The red lines represent shock grids models (Allen et al., 2008). Green curves indicate grids of
photoionization by an AGN (Groves et al., 2004). The blue boxes correspond to the predictions of photoionization models by pAGB stars (Binette et al., 1994).
Adapted from Figure 9 in Kehrig et al. (2012). A&A 540, A11, 2012, reproduced with permission © ESO.

the case of such sources showing variability. All the available
indicators above have been used when selecting our sample
galaxies in order to secure their AGN nature.

2.1. X-ray Properties and Variability

X-ray data offer the most reliable probe of the high energy
spectrum for luminosity AGN. Additionally, the X-ray domain
provides many AGN signatures, and therefore studies at X-rays
frequencies become one of the most important for determining
the AGN nature of LINERs. The advent of Chandra and XMM-
Newton resulted in much progress on the field. Different studies
carried out in the last decade show that an AGN is present
in at least 50% of LINERs (Ho et al., 2001; Satyapal et al,
2004, 2005; Dudik et al., 2005), unless the AGN contribution
to the 0.5-10keV luminosity may be 60% (Flohic et al,
2006). Bolometric luminosities, Ly,;, can be estimated from X-
ray luminosities, Ly, by considering an universal bolometric
correction for LINERs, Ly, ~ Lx. The derived Eddington ratios
would imply that LINERs are the faintest end of the correlation
between star formation rates and mass accretion, hosting very
inefficient accretion processes (Eracleous et al., 2002; Dudik et al.,
2005; Flohic et al., 2006; Ho, 2009).

Our first effort in this field was focused on the analysis of the
X-ray properties of 51 LINERs with Chandra data (Gonzélez-
Martin et al., 2006). We found that their X-ray morphologies,
spectra, and color-color diagrams together imply that a high
percentage of LINER galaxies may host an AGN (Gonzalez-
Martin et al., 2006). We then updated our sample, including all
LINERs from the catalog by Carrillo et al. (1999) with useful
observations from Chandra and/or XMM-Newton; the resulting
sample was the largest of LINERs (82 galaxies) with such data
to date (Gonzalez-Martin et al., 2009b,a). We first considered
as AGN-candidates as those with a nuclear point-like source at
the hard X-ray energy range (4.5-8.0 keV); at least ~60% of
the studied LINERs were class as AGN-candidate (see Figure 2).
HST optical images and literature data on emission lines, radio
compactness, and stellar population results were compiled, and

their study allowed us to conclude that an AGN might be present
in 90% of the sample. The spectral analysis at X-rays indicates
that best fits involve a composite model: (1) an absorbed primary
power-law continuum and (2) a soft component below 2 keV
described by an absorbed, scattered and/or thermal component
(Gonzalez-Martin et al., 2009b). According to the most common
tracers for Compton-thickness, i.e., the X-ray spectral index
(Maiolino et al., 1998; Cappi et al., 2006), the Fx(2-10 keV) /
F([OIII]) ratio (Panessa et al., 2006, and references therein), and
the equivalent width of FeKo emission line (Matt, 1997; Bassani
etal., 1999), about 50% of the studied LINERs showed evidence of
being Compton-thick, a property more commonly found among
LINERs than among Seyferts (Gonzalez-Martin et al., 2009a,
and references therein). Compared to Seyfert galaxies, LINERS
have larger black hole masses and lower Eddington ratios,
consistent with LINERs preferring early-type hosts. However
note that, once X-ray luminosities were corrected for Compton-
thickness, LINERs appeared to have lower X-ray luminosities and
Eddington ratios, but somewhat overlapping the range of type-2
Seyferts, as further confirmed by Hernandez-Garcia et al. (2016)
(see Figure 3).

In addition to a number of studies devoted to individual
sources, the variability of LINERs as a family was studied at X-
rays (Ptak and Griffiths, 1998; Pian et al., 2010) (see also Younes
et al. 2011, 2012 but only for type 1 LINERs) and at UV (Maoz
et al., 2005). Other works have considered LINERs but within
the group of low luminosity AGN, where some Seyferts are also
considered (Gonzilez-Martin and Vaughan, 2012; Young et al,,
2012, for example).

Starting with the finding of X-ray variability in the type-2
LINER NGC 4102 (Gonzalez-Martin et al., 2011), and with the
aim of contributing to the study of variability in LINERs in an
homogeneous way, we extended our analysis to a sample of 17
AGN-LINERs with multi-epoch XMM-Newton and/or Chandra
observations, to study both long and short-term variations.
Variability is detected on timescales from days to years in 50%
of the targets, but no short-term variations are detected. Flux
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FIGURE 2 | This figure summarizes the results of the classification of the 82 LINERS in our sample based on X-ray imaging, where AGN-candidates were defined as
those with a nuclear point-like source at the hard X-ray energy range (4.5-8.0 keV).
non-AGN candidate in the right (CGCG 162-010). In both columns we represent: Top: 0.6-8.0 keV band without smoothing. Center-left: 0.6-0.9 keV band.
Center-center: 1.6-2.0 keV band. Center-right: 4.5-8.0" keV band. Bottom left: 6.0-7.0 keV band. Center-bottom: 2MASS image in Ks band. Bottom-right:
sharp-divided HST optical image in the filter F814 W of the region marked as a rectangle in the top image. The sharp-dividing technique consists on dividing the
original image by a smoothed version, and is aimed at better showing the internal structure (Marquez et al., 2003). The initial percentage of 60% AGN-candidates
when only using X-ray imaging rises to 90% when the information at other wavelengths is considered (Gonzélez-Martin et al., 2009b).

An example of an AGN candidate is given in the left (NGC 4594) and for an

variations are generally due to changes in the normalization of
the power-law component at hard energies (Herndndez-Garcia
etal, 2013, 2014, 2016).

When LINERs are compared to Seyfert 2 galaxies, we find
that changes are mostly related to variations in the nuclear
continuum, with variations in the absorbers and at soft energies
in a few cases in both families. Compton-thick sources do not
show variability, most probably because the AGN is not accessible
in the 0.5-10 keV energy band. We find that the X-ray variations
may occur similarly in the two families, LINERs and Seyfert 2s, in
the sense that they are related to the nuclear continuum, although
they might have different accretion mechanisms. Variability at
UV wavelengths is detected in LINERs but not in Seyfert 2s,
suggesting that some LINERs may have an unobstructed view
of the inner disk where the UV, sometimes variable, emission
may take place. This result appears to be compatible with the
disappearance of the torus and/or the broad-line region in at least
some LINERs (Herndndez-Garcia et al., 2016).

2.2. Mid Infrared Spectroscopy

At Mid Infrared (MIR) frequencies, among arguments to
reinforce for the existence of a non-thermal component in
LINERs are the overall shape of the continuum and the detection
and line ratios of emission lines. As shown by Lawrence
et al. (1997), LINERs are dominated by the stellar host in the

range 1-5 pm but a strong excess is observed in the range
between 10 and 20 wm, which may indicate the presence
of less hot dust than in Seyferts. The unique study done so
far at MIR frequencies by Sturm et al. (2005) has shown
that two different LINER populations exist: infrared-bright and
infrared-faint LINERs. The LINER emission in the former often
show spatially extended (non-AGN) LINER emission and show
MIR Spectral Energy Distributions (SED) typical of starburst
galaxies. Emission in infrared-faint LINERs mostly arise from
compact nuclear regions, and their MIR SEDs are much bluer.
Fine-structure emission lines from highly excited gas, such as
[OIV], suggesting the presence of an AGN, is detected in both
populations.

Our study of LINERs in the MIR, low spectral-resolution
Spitzer data, complemented with QSOs, Seyferts 1 and 2 and
starburst galaxies, allows us to conclude that the spectrum of
faint LINERs (those with Ly < 10%! erg/s) is different from the
average spectra of any of the other optical classes (see Figure 4).
We suggest that their dominant emission might be a combination
of an elliptical galaxy host, a starburst, a jet, and/or Advection-
dominated Accretion Flow emission (Gonzélez-Martin et al.,
2015). Concerning the analysis of the existing correlation
between the emissions at MIR and X-rays in AGN (Gandhi et al,,
2010; Asmus et al., 2014), our analysis of the galaxy NGC 835
(Gonzélez-Martin et al., 2016) has pointed out that the knots

Frontiers in Astronomy and Space Sciences | www.frontiersin.org

November 2017 | Volume 4 | Article 34


https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org
https://www.frontiersin.org/journals/astronomy-and-space-sciences#articles

Mérquez et al.

AGN LINERs

LINERs —'—

g-| . Seyfert 2

_|_

w

Number of objects
-

40 a1 42

log(L(0.5—2keV))

B LINERs
7| - Seyfert 2
@ 6
b3
2
5
3
[y
Q4
&«
3
3
5
2 2
1
% —=6 -5 -4 =3 =2 -1 0
log(Rpaa)

FIGURE 3 | Histograms of the hard X-ray luminosities (top) and Eddington ratios (bottom) of LINER and Seyfert 2 nuclei analyzed in Hernandez-Garcia et al. (2016),
for the entire sample of LINERs and Seyfert 2s (left), and Compton-thin LINERs and Seyfert 2s (right). The crosses represent the median values. Adapted from Figure

3 in Hernandez-Garcia et al. (2016).

<

s Compton-thin LINERs
Em Compton-thin Seyfert 2

®

~

_|_

o

Number of objects

NGC4698

40 a1 a2

log(L(0.5—2keV))

B Compton-thin LINERs
B Compton-thin Seyfert 2

~

@ 6
B
LY
% 5
ol
Sa
§
'E 3
S 3
2 2 =
1
0~ =3 —a -3 =2 =1
log(R )

seen at X-rays are mostly located in the inner side of this MIR
emission, which may suggest that outflows are present in the
circumnuclear region.

Several authors have claimed that less luminous
AGN are not capable of sustaining a dusty torus structure
(Elitzur and Shlosman 2006, also reviewed by Heckman and
Best 2014 and references therein). In order to study the gradual
re-sizing and disappearance of the torus, we examined MIR
Spitzer/IRS spectra of a sample of ~ local AGN of different
luminosities, from low-luminosity AGN and powerful Seyferts.
A decomposition method was applied to decontaminate the
torus component from other contributors (Hernin-Caballero
etal., 2015); the nuclear fluxes provided by high spatial resolution
MIR (or X-ray images and the Asmus’ relation) were used to
anchor the torus component. Starburst objects were included
to ensure secure decomposition of the Spitzer/IRS spectra.
Five groups were defined according to the torus contribution
to the 5-15 pum range (Cyorys) and Lyy, with a progressively
higher Cypys and an increase of Ly, from Group 1 (no torus
contribution, log(Ly,) ~ 41) up to Group 5 (Csorys ~ 80% and
log(Lyo) ~ 44). The fit of clumply models to the average spectra
of each group indicated that, in Group 1, the torus is no longer
present, supporting that the torus disappears at low luminosities.
For Groups 3, 4, and 5, higher outer radii of the torus were
found for higher luminosities, consistent with a re-sizing of the
torus according to AGN luminosity (Gonzilez-Martin et al.,
2017).

2.3. HST Ha Imaging
To get additional clues on the nature of LINERs in the absence of
high resolution X-ray data, indirect information can be obtained
from correlations between X-ray properties at lower resolution
and optical/NIR properties at higher resolution. In particular,
the study of the properties of the ionized gas and its relation
to those at X-rays may be enlightening. The Ho morphology of
LINERs has been shown to consist on a point source embedded
in an extended structure; this structure is sometimes clumpy and
filamentary, and with clear indications of nuclear obscuration
in some particular cases (similarly to what is found in low
luminosity Seyferts) (Pogge et al., 2000; Chiaberge et al., 2005;
Dai and Wang, 2008). Walsh et al. (2008) use STIS spectroscopy
to demonstrate that the energy source at scales of tens of parsecs
of 13 LINERs is consistent with photo-ionization by a central
nuclear source, but outflows dominate their NLR kinematics.
We made use of the high spatial resolution provided by HST
Ho imaging for 32 LINERs (Masegosa et al.,, 2011), with the
aim of characterizing the ionized gas in the nuclear regions. An
unresolved nuclear component can be identified in 84% of the
sources. Extended emission with equivalent sizes ranging from
a few tens to hundreds of parsecs is also seen, with morphologies
that can be grouped into three classes: nuclear outflow candidates
(42%, see an example in Figure5), core-halo morphologies
(25%) and nuclear spiral disks (14%). The equivalent radius
of the He emission and the (2-10 keV) X-ray luminosities
show a size-luminosity relation. Both the morphologies of the
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ionized gas and the relation between size and luminosity are
completely equivalent to those found in low luminosity Seyferts,
what indicated a common origin for the NLR of LINERs and
Seyferts. We suggested for the first time a relation between the
morphologies of the ionized gas and the soft X-rays in LINERs
(Masegosa et al., 2011) similar to what was obtained for Seyferts
(Schmitt and Kinney, 1996).

2.4. The BLR in LINERs 1.9 Revisited

Spectropolarimetric observations at the Keck 10 m telescope of
14 LINERs have shown that the BLR is detected in polarized
light in only three of them (Ho, 2008). But models based on a
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clumpy torus, suggest that the BLR cannot survive for bolometric
luminosities Ly, < 10*2ergs™!, in clear contradiction with the
existence of type-1 LINER nuclei in general, and with the
particular 22 cases in the Palomar Spectroscopic survey by Ho
etal. (1997b). The properties of the BLR in these objects are hence
far from being well understood.

Except for individual discoveries of type 1 LINERs (Storchi-
Bergmann et al,, 1993; Bower et al, 1996; Ho et al., 1997b;
Eracleous and Halpern, 2001; Martinez et al., 2008), the only
systematic work is Ho et al. (2003). They use an homogeneous
detection method on a magnitude limited spectroscopic
catalogue, so theirs is the best defined sample of type 1 LINERs.
Unfortunately, their spectra quite often lack the required
S/N for a precise measurement of the width of the broad Ha
component. This could in principle be circumvented by using
STIS-HST spectra, available for 14 out the 22 type 1 LINERs
(Shields et al., 2007; Walsh et al., 2008; Balmaverde and Capetti,
2014). Nevertheless, as our analysis of the HST Ho imaging
demonstrated, most objects show a morphology indicating
the presence of outflows (Masegosa et al., 2011), which could
contribute to the line broadening and consequently result in a
wrong estimation of the BLR line width. Measuring the width
of the low ionization line [01]6300!, which is not covered by the
STIS-HST spectra (Balmaverde and Capetti, 2015; Constantin
etal.,, 2015; Balmaverde et al., 2016), may help constrain whether
outflows are relevant and estimate their contribution to the
width of Hor.

We have observed, with the TWIN spectrograph attached
to the 3.5 m telescope in Calar Alto, the 22 type 1 LINER
galaxies in Ho’s sample. The spectra covering the regions around
both Ho and Hp, with 0.54 A/pixel spectral resolution, have
S/N ~ 50 for the former. Our aim was to analyze whether the
presence of outflows may have an impact on the line-widths
and therefore on the identification of type 1 LINERs. A careful
subtraction of the underlying stellar component was performed,
using both Starlight (Cid Fernandes et al., 2005) and Ppfx

LA single, unblended line, contrary to [NII] and [SII].
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FIGURE 5 | HST He (left) and sharp-divided images of NGC 4438, one of the objects with a morphology suggestive on hosting an outflow. We note that this galaxy
hosts a type-1 LINER nucleus. From Figure 2 in Masegosa et al. A&A 527, A23, 2011, reproduced with permission © ESO.
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FIGURE 6 | Top: Stellar population subtracted spectrum of NGC 3718 (black),
together with the final model with single Gaussian components for the narrow
lines and an additional very broad component for He. Middle: Narrow line
fitting in green and very broad Ha in magenta. Bottom: Residual spectrum.

(Cappellari and Emsellem, 2004). The resulting narrow emission
lines [SII] and [OI] were fitted by means of Gaussian single or
double components, both providing in general different results
for the line-widths. The line-widths and shifts of [NII] lines and
Ha are fixed either to those from [SII] to [OI]; the best fit is
determined from that with the smallest residuals. An additional
broad component, indicative of a BLR, is also required only in
eight cases (see for instance Figure 6). We find that outflows may
explain the broad lines found in a number of these LINERs. A full
discussion with these results and the comparison with those from
previous works will be provided elsewhere (Marquez et al., 2017,
in preparation).

3. MOST LUMINOUS LINERS AT
REDSHIFTS FROM 0.04 TO 0.11

The best studied nearby LINERs are found in the nuclei of
galaxies with little or no evidence of active star formation (SF).
They are usually hosted by massive early-type galaxies (rarely
spirals), with massive Super Massive Black Holes, old stellar
populations and small amounts of gas and dust (e.g., Kauffmann
et al. 2003; Cid Fernandes et al. 2004; Ho 2008; Leslie et al.
2016). Recently, a population of LINERs has been detected at
z~0.3 (Tommasin et al., 2012), showing higher SF and AGN
luminosities than those typical of nearby LINERs (Ho et al,
1997a).
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FIGURE 7 | The relationship between SFR and total stellar mass. SFRs were
measured either with Herschel/PACS FIR data (big green filled circles), with
IRAS data (big dark blue filled circles), or through Dn4000 index from optical
spectroscopic data (big red filled circles). The solid black line shows the Main
Sequence for SF at z = 0.07 (Whitaker et al., 2012), and the dashed lines its
typical width. Together with our MLLINERS, the entire sample of luminous
LINERSs (black dots), and the most luminous LINERs at z ~ 0.3 from Tommasin
et al. (2012) (black crosses) are included. The dotted polygon represents the
typical location of 60% of all LINERs at low redshifts (Leslie et al., 2016). AGN
luminosity bins are represented with symbols of different sizes. Reproduced
with permission from Figure 12. M. Povic et al. Star formation and AGN activity
in the most luminous LINERSs in the local universe. MNRAS (2016) 462 (3):
2878-2903. Published by Oxford University Press on behalf of The Royal
Astronomical Society. Available online at: https://academic.oup.com/mnras/
article/462/3/2878/25898507searchresult=1. This figure is not covered by the
Open-Access licence of this publication. For permissions contact
Journals.permissions@OUP.com.

Aimed at searching for similar objects at lower redshifts, we
have studied a sample of 42 of these most luminous LINERs in
terms of both AGN and Star Formation luminosities (log(Lagn)
> 44.3 and log(Lgr) > 44.3, hereafter MLLINERSs) but in the
local universe, at z = 0.04-0.11, through the analysis of our
own spectroscopic data (long-slit spectroscopy with the TWIN
and ALFOSC spectrographs attached to the 3.5m telescope in
Calar Alto and the NOT in La Palma, respectively) and FIR
data (Herschel and IRAS). We find that local MLLINERs show
considerable differences in comparison to other low-redshift
LINERs, in terms of higher extinctions, higher star-formation
rates and AGN luminosities. They are hosted by galaxies of
all morphological types, including 25% of peculiar galaxies
(with clear asymmetries, substructures and/or distortions). Our
MLLINERs are located on the main sequence (MS) of star-
forming galaxies (see Figure7), again in contrast to nearby
LINERs that usually lye below the MS (Leslie et al., 2016).

MLLINERs have the same stellar masses (M,), star forming
rates and Lygy than those previously detected at z ~ 0.3
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(Tommasin et al., 2012); hence we confirm the existence of such
luminous LINERSs in the local universe, and therefore discard an
eventual evolutionary scenario with higher luminosity objects for
higher redshifts. The median stellar mass of these MLLINERSs
corresponds to 6-7 x 10! M® which was found in previous
work to correspond to the peak of relative growth rate of stellar
populations and therefore for the highest SFRs. Other LINERs
although showing similar AGN luminosities have lower SFR.
We find that most of MLLINERs have Lagn ~ Lgsp suggesting
co-evolution of black hole and stellar mass. The fraction of z =
0.04-0.11 LINERs located on the MS is 2, 3, 11, and 37% in the
bins of log(Lagn) of (43-43.5), (43.5-44), (44-44.5), and (44.5-
45), respectively (see Figure 7). Thus, we can safely conclude
that the fraction of local LINERs on the main sequence of star-
forming galaxies is related to their AGN luminosity. All these
results are published in Povi¢ et al. (2016).

4. CONCLUSIONS

The main conclusions of our contributions to the study of LINER
AGN can be summarized as follows:

e From 60% to 90% of the studied LINERs in our initial sample
of 82 objects with X-ray data can be considered as genuine
AGN. The percentage of Compton-thick nuclei may be higher
in LINERs than in Seyferts. Variability in X-rays is a common
property in LINERs, with timescales from days to years. X-ray
variations may occur similarly in LINERs and Seyfert 2s, i.e.,
they are related to the nuclear continuum, although they might
have different accretion mechanisms, which may be related
to the expected disappearance of the torus at low bolometric
luminosities.

e Bright LINERs are similar to Seyfert 2s concerning MIR
spectroscopic properties, whereas faint LINERs form a
separate family. A refined decomposition of MIR spectra
indicates that the torus contribution is negligible for Lgor <
10! ergs.

e The high spatial resolution HST imaging indicates that most
LINERs show a broad-cone or core-halo He morphology,
which may indicate the presence of outflows, specially in the
former case.

e The study of new optical spectroscopic data around Ho
of LINERs previously classified as type 1, allow a careful
subtraction of the stellar component and the fitting to the
resulting emission line spectra. Single/double Gaussian fitting
results in the need of very broad He components only in 8
out of the 22 observed objects. The presence of such very
broad lines being indicative of the detection of the BLR, the
percentage of type 1 LINERs might be much smaller (~ 8%)
than previously estimated (25%).
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