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The Main Questions

✦ What powers the 
emission lines?

✦ Do LINERs harbor 
weak AGNs?

These are two 
distinct questions!

If an AGN is present, 
it need not be the 
power source of the 
emission lines.



In the beginning (life before Chandra)...
✦ LINERs observed by the Einstein observatory. 

• General properties summarized by Halpern & Steiner (1983)
Lx (0.5-4.5 keV) ~ 1039  - 1041 erg/s 

✦ Morphology and soft X-ray spectra studied with 
ROSAT (5″/25″ beam)
(Fabbiano et al.; Komossa et al.; Halderson et al. )

• Wide variety of morphologies (central point sources with 
and without diffuse emission)

• Spectra sometimes power laws and sometimes thermal.

✦ Spectroscopy with ASCA (3′-4′ beam)
(Ptak et al.; Terashima et al.; plus others)

• Composite spectra (with a universal shape): 
hard power law (Γ~1.7) + soft thermal plasma (kT~0.6 keV)
consistent with morphological information from ROSAT



Sensitivity 
(erg/s)

5 Mpc 15 Mpc

5 ks 1.7×1037 1.5×1038

30 ks 2.8×1036 2.5×1037

~10−9 LEdd / M8

The Importance of Chandra
✦ High spatial resolution

• Low background

• High sensitivity

• Good astrometry

• Ability to resolve 
crowded fields

✦ Broad energy response

• Study morphology vs energy; 
separate thermal emission 
from discrete sources

• Broad-band spectroscopy; 
identify source types by their 
spectra
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Selection of Chandra LINER Samples
✦ Snapshot Surveys (2-5 ks):

• Ho et al. (2001); Sipior (2003) ➞ Palomar spectr. sample

• Terashima & Wilson (2002) ➞ compact radio cores

• Dudik et al. (2005) ➞ IR-bright LINERs (from IRAS)

✦ Case Studies (>20 ks) ➞ selected bright objects
Eracleous et al.; Pelegrini et al.; Trinchieri & Goudfroij; 
Lira et al.; Fabbiano et al.; Nemen et al. 

✦ “Archival” Surveys:

• Filho et al. (2004) ➞ radio composites (core+diffuse)

• Satyapal et al. (2004,2004) ➞ more IR bright LINERs

• Flohic et al. (2006) ➞ 19 long Chandra exposures

• Gonzalez-Martin et al. (in prep) ➞ everything (broad scope)



✦ texp > 15 ks, D < 25 Mpc, Lmin~1036-1037 erg/s

✦ Representative mix of LINER types (L1.9, L2, T2).

✦ Concentrate on inner kiloparsec.

✦ Look for AGNs, study point source populations, 
and properties of diffuse gas.

✦ Consider all available multi-wavelength data

• Careful astrometry

• Radio, UV, emission-line images

• Properties of stellar population from spectroscopy

✦ Careful spectral fitting whenever possible.

✦ Examine energy budget.

Archival Survey of 19 LINERs (Flohic et al.)



Summary of AGN Properties

✦ LL AGNs found in > 60% of cases (up to 74%?)

✦ Lx ~ 1037 − 1040 erg/s;    L/LEdd ~ 10−8 − 10−5

✦ All LINERs with a compact radio core harbor a 
hard nuclear X-ray source (LL AGN).

✦ But only 50% of hard nuclear X-ray sources in 
LINERs are associated with compact radio cores. 

✦ In some rare cases the AGN is highly obscured, 
but typically NH ~ 1021 cm-2

✦ Eddington ratios span a wide range of values



X-Ray Radio Loudness (Terashima & Wilson 2002)

objects, logRo ! 1 corresponds to logRX ! "3:5. This
apparently reflects a luminosity dependence of the shape of
the spectral energy distribution: luminous objects have
steeper optical–X-ray slopes !ox ! 1:4 1:7 (S / ""!; see,
e.g., Elvis et al. 1994; Brandt, Laor, & Wills 2000), where
!ox is often measured as the spectral index between 2200 Å
and 2 keV, while less luminous AGNs have !ox ! 1:0 1:2
(Ho 1999). This is related to the fact that luminous objects
show a more prominent ‘‘ big blue bump ’’ in their spectra.
Figure 8 of Ho (1999) demonstrates that low-luminosity
objects are typically 1–1.5 orders of magnitude fainter in the
optical band than luminous quasars for a given X-ray lumi-
nosity. Note that none of the PG quasars used here show
a high absorption column in its X-ray spectrum below
10 keV.

The definition of radio loudness using the hard X-ray
flux (RX) appears to be more robust than that using the
optical flux because X-rays are less a!ected by both
extinction at optical wavelengths and the detailed shape
of the blue bump, as noted above. Further, measure-
ments of nuclear X-ray fluxes of Seyfert galaxies and
LLAGNs with Chandra are easier than measurements of
nuclear optical fluxes since in the latter case the nuclear
light must be separated from the surrounding starlight, a
di"cult process for LLAGNs.

Figure 4 shows the X-ray luminosity dependence of RX.
In this plot, the LLAGN sample discussed in the present
paper is shown in addition to the Seyfert and PG samples
used above. This is an ‘‘ X-ray version ’’ of the logRo-Mnuc

B
plot (Fig. 4 in Ho & Peng 2001). Radio galaxies taken from
Sambruna et al. (1999) are also added, and we use radio
luminosities from the core only. Our plot shows that a large
fraction (#70%) of LLAGNs (LX < 1042 ergs s"1) are
radio-loud. This is a confirmation of the Ho & Peng (2001)

finding. Note, however, that our sample is not complete in
any sense, and this radio-loud fraction should be measured
using a more complete sample. Since radio emission in
LLAGNs is likely to be dominated by emission from jets
(Nagar et al. 2001; Ulvestad & Ho 2001), these results sug-
gest that, in LLAGNs, the fraction of the accretion energy
that powers a jet, as opposed to electromagnetic radiation,
is larger than in more luminous Seyfert galaxies and qua-
sars. Since LLAGNs are thought to have an ADAF-type
accretion flow, it might indicate that an ADAF can produce
jets more e"ciently than the geometrically thin disk believed
present in more luminous Seyfert galaxies.

The three LLAGNs with the largest RX in Figure 4 are
the three X-ray–faint objects discussed in x 5.1 (NGC 2787,
NGC 5866, and NGC 6500), which are most probably
obscured AGNs. If their intrinsic X-ray luminosities are 1–2
orders of magnitude higher than those observed, their
values of RX become smaller by this factor and are then in
the range of other LLAGNs. Even if we exclude these three
LLAGNs, the radio loudness of LLAGNs is distributed
over a wide range: the radio-loudest LLAGNs have RX
values similar to those of radio galaxies and radio-loud
quasars, while some LLAGNs are as radio-quiet as radio-
quiet quasars.

A comparison with blazars is of interest to compare our
sample with objects for which the nuclear emission is known
to be dominated by a relativistic jet and thus strongly
beamed. The average logRX values for high-energy–peaked
BL Lac objects (HBLs), low-energy–peaked BL Lac objects,
and flat-spectrum radio quasars are "3.10, "1.27, and
"0.95, respectively, where we used the average radio and
X-ray luminosities for a large sample of blazars given in
Table 3 of Donato et al. (2001). The average logRX for
HBLs is similar to that for LLAGNs in our sample, while
the latter two classes are about 2 orders of magnitude more
radio-loud than LLAGNs. Although LLAGNs and HBLs
have similar values of logRX, the spectral slope in the X-ray
band is di!erent: LLAGNs have a photon index in the range

Fig. 4.—Dependence of RX ! "L"(5 GHz)/LX on LX for the present
LLAGN sample, Seyfert galaxies, radio galaxies, and PG quasars. The
radio luminosity, L"(5 GHz), includes only the nuclear core (<100 size) com-
ponent of the radio emission. The approximate boundary between radio-
loud and radio-quiet objects (logRX ! "4:5) is shown as a horizontal
dashed line. The two asterisks connected with a line correspond to X-ray
observations of NGC 4258 at two di!erent epochs.Fig. 3.—Relation between Ro ! L"(5 GHz)/L"(B) and RX ! "L"(5

GHz)/LX for Seyfert galaxies and PG quasars. The radio luminosity, L"(5
GHz), includes only the nuclear core (<100 size) component of the radio
emission. The conventional boundary between radio-loud and radio-quiet
objects (logRo ! 1) is shown as a horizontal dashed line. The two open
circles connected with a line correspond to X-ray observations of NGC
4258 at two di!erent epochs.
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Core radio luminosities only

νLν(5 GHz)
Lx(2-10 keV)

Rx ≡                       > −4.5
✦ All LINERs with a 

compact radio core 
harbor a LL AGN.

✦ But only 50% of LL 
AGNs in LINERs have 
compact radio cores 

✦ Sometimes the AGN 
is highly obscured
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Lx-LHα Correlation (Ho et al.; Terashima et al.)



Distribution of AGN Properties (from Flohic et al.)

➞ Rx > -4.5 2.5″ region

limits limits



Lx-LHα Correlation at Low Lx (Flohic et al. 2006)
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FIR vs X-Ray properties (Satyapal et al 2004,2005)

836 S. Satyapal et al.: A joint mid-infrared spectroscopic and X-ray imaging investigation of LINER galaxies

Fig. 9. The [OIV]26 µm / [SiII]34 µm line flux ratio versus hard
(2–10 keV) X-ray to far-IR luminosity ratio for LINERs compared
with AGN. Symbols as in Fig. 8.

than that of standard AGN. Previous observations of the con-
tinuum emission in several low luminosity LINER galaxies re-
veal that the observed SEDs from the nuclear source lacks the
standard “big blue bump” in the UV, a feature normally as-
sociated with emission from a standard optically thick geo-
metrically thin accretion disk (Lasota et al. 1996; Ho 1999).
At low accretion rates, the accretion is thought to take place
via advection-dominated accretion flows (ADAFs; Narayan &
Yi 1994, 1995). Since ADAFs are radiatively ine!cient in the
production of UV photons, this scenario was suggested by Ho
(1999) as the explanation for the UV photon deficit in the
LINER SEDs.

However, recent observations of a few galaxies that show
LINER-like optical spectra suggest alternative scenarios. For
example, detailed photoionization modeling of the LINER-like
optical emission lines in the weak line radio galaxy NGC 4261
require a substantially stronger ionizing UV continuum than is
observed. This suggests that the intrinsic SED in this galaxy
is similar to standard AGN and the observed UV deficiency in
the continuum is a result of substantial extinction along our line
of sight to the nucleus. This is supported by recent XMM and
Chandra studies that reveal absorption of NH ! 1022 cm"2 to-
wards the nucleus (Sambruna et al. 2003; Gliozzi et al. 2003).
Furthermore, The variablity trends in NGC 4261 are very sim-
ilar to the standard disk-corona system of Seyferts, which may
suggest that the X-ray continuum is not likely to originate in
an ADAF (Gliozzi et al. 2003). In this section, we investigate
the intrinsic SEDs of our sample of LINERs implied by our
IR emission line observations.

The infrared emission lines presented here are powerful
probes of the intrinsic ionizing radiation field as seen by the
narrow line region. Unlike optical emission lines, these lines
are less sensitive to extinction. Figure 10 shows the [OIV]
26 µm luminosity versus the hard X-ray luminosity for all
LINERs and standard AGN. According to Ho (1999), the
UV band is exceptionally dim relative to both the optical

Fig. 10. The [OIV] 26 µm luminosity versus the hard (2–10 keV)
X-ray luminosity for LINERs compared with AGN. The dotted line
corresponds to a linear fit to the LINER data. Symbols as in Fig. 8.

Fig. 11. The [OIV] 26 µm luminosity versus the hard (2–10 keV)
X-ray luminosity for LINERs compared with AGN. The dotted line
corresponds to a linear fit to the LINER data. Symbols as in Fig. 8.

and X-ray bands for seven low luminosity LINERs includ-
ing NGC 4579, one of the LINERs plotted in Fig. 10.
However, as can be seen by Fig. 10, the correlation be-
tween the [OIV] 26 µm and hard X-ray emission for virtu-
ally all LINERs and AGN strongly suggests a similar intrin-
sic SED between the UV and X-ray bands. Figure 11 shows
the [NeV] 14.3 µm / [OIV] 26 µm line flux ratio versus the
hard X-ray luminosity for LINERs and AGN. The ionization
potential of [NeV] is 97 eV. Since both lines are produced pre-
dominantly by AGN, the line ratio can be used to probe the
shape of the ionizing radiation field and ionization parameters
characteristic of the narrow line region. As can be seen from
Fig. 11, the line ratios characteristic of LINERs fall well within
the range observed for AGN. In fact, the line ratios do not re-
quire low ionization parameters, one of the main hypotheses for
the low excitation optical line spectrum in LINERs (Ferland &
Netzer 1983; Halpern & Steiner 1983).

[O IV] 26μm line vs Lx
(Spitzer + Chandra)



Environs   (Flohic et al. 2006)



;

Soria et al. 2006, in press



FIR vs X-Ray properties (Satyapal et al 2004,2005)

 L/LEdd  vs LFIR and LFIR/LB
(IRAS + Chandra)

Figs. 5a and 5b, respectively). In Paper II we pointed out the
difficulty in assessing how much of the scatter is intrinsic or due
to the uncertainties in the derived quantities. The uncertainty in
the X-ray luminosity derived from our power-law model, the un-
certainty in the bolometric correction factor for the LINER class,
the uncertainty and uniform applicability of theMBH versus ! re-
lationship for this sample of LINERs, and the nonsimultaneity
of the observations will all introduce some scatter. If we assume
that the uncertainty in the black hole mass estimate is 0.3 dex
(Tremaine et al. 2002) and that there is no X-ray, optical, or FIR
variability in this sample of LINERs, then the uncertainty in Lbol
would need to be a factor of !5 if the scatter is entirely due to
the uncertainties in the derived quantities plotted in Figures 5a
and 5b. The bolometric luminosity in our sample of LINERs, es-
timated using the X-ray luminosity (see x 2), is certainly uncer-
tain within this factor, if not more. The bolometric correction
factor used in this work relies on the average SED of only seven
low-luminosity AGNs presented by Ho (1999) since more ex-
tensive studies of the SEDs of LINERs are nonexistent. Indeed,
the correction factor for these seven objects varies by a factor of
6 [Lbol " 11LX(2 10 keV) to Lbol " 69LX(2 10 keV)]. In ad-
dition, there is some uncertainty in adopting a generic power-law
model to calculate the X-ray luminosity. As described in x 4.1,
detailed spectral fits of the X-ray spectrum of a few of the targets
in the archival LINER sample show that the derived luminosities
can deviate substantially from the generic power-law–derived lu-
minosities. Given these uncertainties, it is entirely plausible that the
scatter in Figures 5a and 5b is not intrinsic and can be completely
attributable to the uncertainties in the derived quantities.

4.4. Correlation between Eddington Ratio and FIR Luminosity
in other AGN Subclasses

In Figure 6we plotLbol /LEdd versusLFIR for the entire expanded
AGN sample included in this paper. We highlight all targets
with redshift z > 0:1 as open symbols in the plot since distance
effects may spuriously reinforce the correlation. Interestingly, the
original correlation is in general reinforced by our expandedAGN
sample, extending in this case over almost 9 orders of magnitude
in Lbol /LEdd. For the various AGN subclasses, the origin of the

optical luminosity is likely to vary tremendously. For example,
massive elliptical galaxies are often the hosts of many radio-loud
AGNs and LINERs. In these cases, a significant fraction of the
blue luminosity is likely to originate from the host galaxy. On the
other hand, in RQQs, for example, the bulk of the optical lumi-
nosity is likely to originate from an optically thick accretion disk.
We therefore choose to plot the FIR luminosity only in our in-
vestigation of possible correlations.

Employing a Spearman rank correlation analysis to the entire
129 galaxies plotted in Figure 6 yields a correlation coefficient
of rS " 0:65 between Lbol /LEdd and LFIR with a probability of

Fig. 6.—Correlation between Lbol /LEdd and LFIR for the entire set of AGNs
presented in this work. This includes the 34/41 AGN-LINERs that have black
hole estimates. This plot shows a significant correlation that extends over almost
9 orders of magnitude in L /LEdd . The best-fit linear relationship to the entire data
set is displayed by the solid line. The dashed and dotted lines correspond to the best-
fit line applied only to the LINER and Seyfert data sets, respectively. The Spearman
rank correlation coefficients for the different data sets are given in Table 6.

Fig. 5.—Correlation between Lbol /LEdd and (a) LFIR and (b) LFIR /LB for the entire set of 34/41 AGN-LINERs that have black hole estimates in our comprehensive
LINER sample. There is a significant correlation in each plot that extends over 7 orders of magnitude in L /LEdd . The Spearman rank correlation coefficients are given in
the bottom right corner of each panel.
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the X-ray luminosity derived from our power-law model, the un-
certainty in the bolometric correction factor for the LINER class,
the uncertainty and uniform applicability of theMBH versus ! re-
lationship for this sample of LINERs, and the nonsimultaneity
of the observations will all introduce some scatter. If we assume
that the uncertainty in the black hole mass estimate is 0.3 dex
(Tremaine et al. 2002) and that there is no X-ray, optical, or FIR
variability in this sample of LINERs, then the uncertainty in Lbol
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tain within this factor, if not more. The bolometric correction
factor used in this work relies on the average SED of only seven
low-luminosity AGNs presented by Ho (1999) since more ex-
tensive studies of the SEDs of LINERs are nonexistent. Indeed,
the correction factor for these seven objects varies by a factor of
6 [Lbol " 11LX(2 10 keV) to Lbol " 69LX(2 10 keV)]. In ad-
dition, there is some uncertainty in adopting a generic power-law
model to calculate the X-ray luminosity. As described in x 4.1,
detailed spectral fits of the X-ray spectrum of a few of the targets
in the archival LINER sample show that the derived luminosities
can deviate substantially from the generic power-law–derived lu-
minosities. Given these uncertainties, it is entirely plausible that the
scatter in Figures 5a and 5b is not intrinsic and can be completely
attributable to the uncertainties in the derived quantities.

4.4. Correlation between Eddington Ratio and FIR Luminosity
in other AGN Subclasses

In Figure 6we plotLbol /LEdd versusLFIR for the entire expanded
AGN sample included in this paper. We highlight all targets
with redshift z > 0:1 as open symbols in the plot since distance
effects may spuriously reinforce the correlation. Interestingly, the
original correlation is in general reinforced by our expandedAGN
sample, extending in this case over almost 9 orders of magnitude
in Lbol /LEdd. For the various AGN subclasses, the origin of the

optical luminosity is likely to vary tremendously. For example,
massive elliptical galaxies are often the hosts of many radio-loud
AGNs and LINERs. In these cases, a significant fraction of the
blue luminosity is likely to originate from the host galaxy. On the
other hand, in RQQs, for example, the bulk of the optical lumi-
nosity is likely to originate from an optically thick accretion disk.
We therefore choose to plot the FIR luminosity only in our in-
vestigation of possible correlations.

Employing a Spearman rank correlation analysis to the entire
129 galaxies plotted in Figure 6 yields a correlation coefficient
of rS " 0:65 between Lbol /LEdd and LFIR with a probability of

Fig. 6.—Correlation between Lbol /LEdd and LFIR for the entire set of AGNs
presented in this work. This includes the 34/41 AGN-LINERs that have black
hole estimates. This plot shows a significant correlation that extends over almost
9 orders of magnitude in L /LEdd . The best-fit linear relationship to the entire data
set is displayed by the solid line. The dashed and dotted lines correspond to the best-
fit line applied only to the LINER and Seyfert data sets, respectively. The Spearman
rank correlation coefficients for the different data sets are given in Table 6.

Fig. 5.—Correlation between Lbol /LEdd and (a) LFIR and (b) LFIR /LB for the entire set of 34/41 AGN-LINERs that have black hole estimates in our comprehensive
LINER sample. There is a significant correlation in each plot that extends over 7 orders of magnitude in L /LEdd . The Spearman rank correlation coefficients are given in
the bottom right corner of each panel.
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Balancing the budget...                 (from Flohic et al.)

✦ Assume power-law SED 
from 1 Ry to > 100 keV

• Energy balance 
➞ LHα < 0.2 L2-10 keV

• Photon counting 
➞ LHα < 0.02 ƒ L2-10 keV

✦ Oooops! 

• Something wrong with 
assumed SED?

• Is the Lx - LHα correlation 
right?

AGN LINERs

Starburst LINERs

Seyferts

Quasars



Balancing the budget: other power sources?

Binette, Stasinska, & Bruzual 
1994, A&A, 292, 13

Photoionization by stars:
young stars? very rare!
post-AGB stars? quite likely!

Mechanical interaction of 
AGN with ambient gas via 
jet or wind

Pjet ~ 103 Lbol

Nagar, Falcke, & Wilson 
2005, A&A, 435, 521

young
stars

post-AGB

PNe



The End


