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Abstract. We report on the spectroscopic study of 19 low luminosity Flat Radio Spectrum (LL FRS) sources selected from
Marché’s et al. (1996) 200 mJy sample. In the optical, these objects are mainly dominated by the host galaxy starlight. After
correcting the data for thisfiect, we obtain a new set of spectra clearly displaying weak emission lines; such features carry
valuable information concerning the excitation mechanisms at work in the nuclear regions of LL FRS sources. We have used
a special routine to model the spectra and assess the intensities and velocities of the emission lines; we have analyzed the
results in terms of diagnostic diagrams. Our analysis shows that 79% of the studied objects harbour a Low lonization Nuclear
Emission-line Region (or LINER) whose contribution was swamped by the host galaxy starlight. The remaining objects display

a higher ionization spectrum, more typical of Seyferts; due to the poor quality of the spectra, it was not possible to identify
any possible large Balmer components. The fact that we observe a LINER-type spectrum in LL FRS sources supports the idea
that some of these objects could be undergoing an ADAF phase; in addition, such a low ionization emission-line spectrum is in
agreement with the black hole mass values and sub-Eddington accretion rates published for some FRS sources.
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1. Introduction BL Lacs, together with Flat Spectrum Radio Quasars
) ) (FSRQs), are called blazars. Blazars exhibit characteristics in-
Low frequency surveys of extragalactic radio sources have QRzative of relativistic beaming (Padovani & Urry 1990) and
served predominantly extended double-lobed radio-galaxig§em o cover a wide range of polarization, strength of the
which display a steep radio spectrum. Surveys carried oul@lission lines, and position of the synchrotron component
higher frequencies found a larger number of flat radio spectrym;, o spectral energy distribution (SED) (Padovani & Urry
(FRS) sources, i.e. sources displaying hard radio spectra 8f)1) aAn important distinction in terms of the SED was in-
usually characterized by an unresolved, compact radio-corey.oqiced in BL Lacs by Padovani & Giommi (1995); these au-
Amongst flat radio spectrum sources, we find BL Lacertagors separated the objects emitting most of their synchrotron
objects (BL Lacs). BL Lacs are a class of Active Galactiﬁower at high (UV-to-X-ray) and low (far-IR—to—near-IR) fre-
Nuclei (AGN) characterized by extreme properties, such g@gencies, introducing the terminology of “high-energy peaked
high X-ray andy-ray luminosities, relatively high optical andg| | 5¢” (HBL) and “low-energy peaked BL Lac” (LBL) cur-
radio polarization, and strong and rapid variability at radigently in use. Generally, X-ray selected BL Lacs tend to peak
optical and X-ray wavelengths (e.g. Urry & Padovani 1995}t high energies and display less extreme properties than the
these objects usually show weak or non-existent optical emjiggio-selected ones, which peak at low energies. It was sug-

sion lines. gested (Fossati et al. 1998; Ghisellini et al. 1998) that the spec-
- tral properties and the luminosity are anti-correlated, such that

Send gprint requests toA. C. Gonalves, high luminosity objects are LBLs and low luminosity objects

e-mail:anabela.goncalves@obspm. fr are HBLs

* Based on observations collected at the Multiple Mirror Telescope ' o )

on Mt. Hopkins. In recent years there has been a growing interest in the

** Full Fig. 1 is only available in electronic form atlowerluminosity sources (e.g. Falcke 2001; Rector et al. 1999),

http://www.edpsciences.org as well as in those objects displaying intermediate properties

Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20031494



http://www.edpsciences.org/
http://www.aanda.org
http://dx.doi.org/10.1051/0004-6361:20031494

98 A. C. Gonalves and M. Serote Roos: The nuclear region of LL FRS sources. Il

between HBLs and LBLs (Bondi et al. 2001). Such objects
are included in the 200 mJy sample of FRS sources define
by Marcha et al. (1996).

Marché’s et al. sample of low luminosity, core dominated ., |
radio sources was selected with the purpose of finding low lu-
minosity BL Lacs and investigating theftirences between [
such objects and other FRS sources. Included in this sampl
were a number of galaxies which, although radio selected tog
gether with BL Lacs and objects displaying a Seyfert-like emis-"
sion spectrum, and following exactly the same criteria, are op- o B
tically very different from them. In fact, they do not show any
conspicuous signs of activity, the main contribution to their
optical spectra being of stellar origin; such objects overlap
with the ones dubbed PEGs (for Passive Elliptical Galaxies) w00~ w0 e00
described in Anth (2000). These could be objects related to wavelengtn (b
BL Lac phenomena but observed at larger angles to the jet; ikig. 1. Example of the rest frame emission-line spectrum obtained for
also possible that some of the galaxies are “hidden” BL Laase of the objects in our sample after correction of the stellar contribu-
whose nuclear emission is swamped by the host galaxy starlitjrt; the remaining 18 emission-line spectra are available in electronic
(Dennett-Thorpe & March2000). form athttp://www.edpsciences.org.

Among the galaxies displaying such characteristics, we
have selected 19 sources for our studies; these objects are listed

in Table 1 of a companion paper (Serote Roos & Goves in “normal” ellipticals (Goudfrooij 1999) and can be related
2003, hereafter Paper I). Our purpose was: to phenomena other than an active nucleus, e.g.: photoioniza-

(i) to study the stellar content of LL FRS nuclei and to tedon by very hot Wolf-Rayet stars (Warmers), hot O stars, or

stellar population synthesis as a method allowing to reveal 2§ POSt-AGB stars (Terlevich & Melnick 1985; Filippenko
hidden optical emission-line features (these go usually unde-Terlevich 1992; Binette et al. 1994), cooling accretion

tected, or are very weak, due to the strong dilution induced Bgws (Heckman 1981; Voit & Donahue 1997), shock heat-
the stellar continuum); ing through cloud collisions induced by accretion, galaxy in-

{aractions, mergers or starburst-driven winds (Fosbury et al.

(ii) to investigate the nature of the nuclear emission regio _ _ , _
and excitation mechanisms at the origin of the weak emission’ & Fosbury & Wall 1979; Dopita & Sutherland 1995, 1996;

lines present in the spectra of our objects. A|0nSO'Heffef0 et al. 2000), etc. . .
In Paper |, we addressed the first point; we discussed the In this study, we favour the AGN hypothesis and interpret

nuclear stellar populations and host properties of the objectérﬂ%Observled W?ak emlss:on I”:ﬁs aAsét:lel_Eptlczl_&gEaturti Of. an
our sample. In this paper we focus our attention on the nucl V€ nucleus. In support are the -Ik€ radio characteris-

emission-line spectra of LL FRS sources; these spectra are R:rcéf ofdpur sar?ple, namelﬁ a c&re-(;jotmuslatedfeml;smn and a
sented in Sect. 2. In Sect. 3 we introduce the line profile fitti radio spectrum, as well as the detection ot an A-ray com-
method and describe how it has been applied to the dataPRFt core m_afew objects. Itis intuitive to assume that the same
Sect. 4 we give some notes on the studied objects. In Secfeg'tral engine could be at the origin of the observed weak op-

we discuss the implications of our findings, and in Sect. 6 |&al emission lines. These lines carry valuable information on
summarize the results and conclusions of this work. the I|ne-e_m|tt|ng regions, ionizing coptmuum and therefore, on
the physical properties of the nuclei. In order to extract these

o pieces of information from the spectra, a careful modelling of
2. The emission-line spectra the emission-line features and continuum is required.

0651+410

Even though weak emission lines can be detected in the galax-
ies belonging to our sample (see Fig. 1 in Paper 1), their 0p-
tical spectra are clearly dominated by the stellar continuum
which heavily dilutes the features associated with the actiddl our emission-line spectra were fitted in terms of Gaussian
nucleus, thus making it flicult to access their true spectroprofiles thanks to a special routine, based on the least squares
scopic properties (profile, line width, intensity, etc.). Aware ahethod, developed by E.J. Zuiderwijk, M.-P.ek6h-Cetty
this problem, we have calculated the stellar contribution to eaghd P. \&ron. A full description of the method is given in
spectrum and removed it from the data (see Paper |), the@oenalves (1999). In the present study, the emission lines H
fore obtaining a new set of 19 emission-line spectra (the@¢n]16548, 6584, [$1]16716, 6731 and [@ 26300, 6363
are given in the electronic version of Fig. 1, available &r HB and [Om]14959, 5007) were fitted by one set of
http://www.edpsciences.org); here, a single spectrum isseven (or three) Gaussian components; the width and redshift
presented as an example. of each component in a set were taken to be the same, as
We observe emission lines in all of the objects in the sara-result of the lines being formed in the same region; this
ple. Although emission lines are generally associated with theeans that, in addition to the line intensities, the free param-
presence of an AGN, line emission is also frequently foureders for each set of lines are one width and one redshift.

Line profile fitting and analysis
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Fig. 2. Best fitting results for six nuclear emission-line regions; for each object, the blue spectral region is shown on the left panel and the red
spectral region on the right panel. The data points are represented by crosses; the solid line is the best fit; the dotted lines show the individual
components; the lower crosses give the residuals. Both the data and the models were shifted upwards by an arbitrary amount for the sake of
clarity. The residuals give an appreciation of the fit quality; in this figure, they are of the same order of magnitude as the noise in the spectra.

The intensity ratios of the [M]16548, 6584, [Q1]14959, in Fig. 3. The line-ratios seem to be consistent, providing
5007 and [Q]16300, 6363 lines were set to their theoreticdhe same result on both diagnostic diagrams. According to
values (3.00, 2.96 and 3.11, respectively; Osterbrock 1974).these diagrams, 79% (113) of the objects harbour a LINER,;

The emission lines used in our models were selectedtfif remaining nuclei (0038227, 0116-319, 0848686 and
function of their applicability in diagnostic diagrams. By plot1144+352) display a higher-ionization, Seyfert-like spectrum.
ting specific line ratios in a 2-dimensional diagram, we are In this study, the mean error in the measurement of
able to identify the type of excitation mechanism at wortbe [NI] and [Omi] lines intensity is of the order of 139%,
in the galaxy nucleus; in particular, the use of the Baldwif the H3 and [O1] lines it goes up to~24% and in the
et al. (1981) or Veilleux & Osterbrock (1987) diagnostic diaHa line it is ~19%. Usually, no error bars are represented in
grams allows to classify the nuclear emission-line regions @®gnostic diagrams; however, an estimation of the errors can
most galaxies into one of three categories: nuclearegions be calculated based on the previously given values, being of
or starbursts, Seyfert 2 galaxies and LINERs. Such diagraife order of 0.10 and 0.13 in theaxis (log[N1]16584Ha
make use of conspicuous optical emission lines, suchas HNd log[Or]16530QHa, respectively) and 0.11 in thg-axis
HB, [N 1]16584, [Om1]A5007, [S1]A6717, 6713, [Q1]43727 (log[Om]A15007Hg) in Fig. 3. The classification is therefore
and [O1]16300. robust.

We have modeled the emission lines as explained above. In
a few cases, additional Gaussians were added to fit iron blenjis
or other weak features present in the spectra; this didffetta ™
the measured intensities of the lines of interest (i.e. the lingg35+227 is a radio-source detected at 5 GHz (@tf
used to build the diagnostic diagrams) but contributed to ret al. 1990); it has been studied at higher frequencies
duce the overall scatter in the fit. Figure 2 shows the best flttlBg Dennett_Thorpe & March™(2000) and more recenﬂy
models for six objects in our sample; the parameters resultifig1.4 GHz (Dennett-Thorpe, private communication). This
from the line profile fitting analysis are given in Table 1. source has a steep Spectra| index between 8 and 43 %Z (

The line ratios [Qm]A5007HB, [Nm]16584Ha and and arelatively low radio polarization; this suggests that the ob-
[01]146530Q0H«, used in the Veilleux & Osterbrock (1987)ject is not highly boosted, as we would expect from a BL Lac.
diagnostic diagrams, take full advantage of the physical diBellowing Dennett-Thorpe & Mar@h{2000), this could be a
tinctions between the various types of objects and minimi@ompact Symmetric Object (CSO). Our spectroscopic analy-
the dfects of reddening correction and calibration errors. \iés points towards a nuclear region with characteristics remi-
have calculated these line ratios; the obtained values, givemiscent of those of Seyfert 2s; such an optical spectrum is more
Table 1, were used to build the diagnostic diagrams showammon amongst double-lobed, FR Il radio-galaxies.

Notes on individual objects
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Table 1. Results of the line profile fitting analysis. Column 1 gives the name of the object, Col. 2 the adopted redshift, Cols. 3 and 6 1
velocities for each set of components measured on the blue and red spectra, respectively, and de-redshifted using the redshift given in C
Cols. 4 and 7 the correspondifyVHM (uncorrected for the instrumental broadening), Cols. 5, 8 and 9 the intensity ratnsiED07/Hp,

[N 11]26584/Ha and [O1]16300/'He, respectively; n.d. means we could not detect one of the lines (intenBjtyln Col. 10 we give the
spectroscopic classification of the nuclear emission-line region resulting from the diagnostic diagrams.

Name z \% FWHM [O ] \% FWHM [Nm [O1] Class.
(kms?) (kms?) HB (kms?) (kms?!) Ha Ha

0035+227 0.097 -200 1078 6.09 -998 976 1.87 0.17 Seyf 2
0055+300 0.017 -111 908 1.53 24 1285 1.20 0.19 LINER
0116+319 0.060 -682 1506 8.22 -945 887 1.47 0.28 Seyf 2
0149710 0.023 243 1463 0.85 786 1042 1.17 1.18 LINER
0651+410 0.022 408 1846 1.40 552 1290 1.36 0.59 LINER
07294562 0.107 336 1728 2.60 663 782 131 0.20 LINER
0733+597 0.041 -101 2273 2.84 -519 1432 3.53 0.45 LINER
0848+686 0.041 -1004 1744 =10 -1242 1490 1.38 0.42 Seyf 2
0902+468 0.085 70 2327 1.19 225 1584 0.71 0.49 LINER
1144+352 0.064 -189 1588 7.06 -189 1200 1.81 0.36 Seyf 2
1146+596 0.011 -293 1476 2.03 -331 1731 0.84 0.36 LINER
12414735 0.075 291 1455 1.01 1059 1192 1.13 0.41 LINER
1245+676 0.107 741 2000 3.51 462 1036 1.99 n.d. LINER?
1558+595 0.060 -498 1606 2.40 -751 1496 1.18 0.53 LINER
1658+302 0.036 549 1664 0.42 1203 958 4.91 1.59 LINER
1703+223 0.050 -877 1875 0.88 -1418 915 1.27 0.48 LINER
1755+626 0.028 -153 1795 3.04 —386 1346 4.29 0.81 LINER
2202+363 0.075 795 3027 1.79 921 1913 1.33 1.35 LINER
2320+203 0.039 228 2017 1.86 678 1067 1.79 0.28 LINER

0055+300is an FR | radio-galaxy with an asymmetric twonot highly boosted; also its symmetric structure and core-to-
sided jet and a prominent core; its optical counterpart is thatal radio power ratio suggest that this source is near the
cD galaxy NGC 315, ax = 0.017. This source has been explane of the sky (Giovannini et al. 2001). 4C 31.04 is clas-
tensively studied using the VLA and VLBI (e.g. Venturi et alsified as a low-redshift CSO (Giovannini et al. 2001; Cotton
1993; Cotton et al. 1999; Dennett-Thorpe & MaacRD00) et al. 1995). This object is associated with a galaxy pair
and has been detected at X-ray (Worrall & Birkinshaw 2000y ICG 5-4-17 and 5-4-18) atz = 0.060. Spectroscopic ob-
Terashima et al. 2002) and infrared wavelengths (Golombsérvations by Gelderman & Whittle (1994) reveal the pres-
et al. 1988). Spectroscopic observations by Ho et al. (1995)ce of Hy, [N 11] 16548, 6584 and [@ 26300 in emission,
suggest the presence of a LINER with a weak broadcHm- although the quality of their spectra does not allow to clas-
ponent. We confirm the low ionization nature of this object, bgify the object easily. Our data seem to indicate the presence
were not able to detect any broad Balmer line; however, sucha nuclear emission region with properties similar to those of
a component cannot be excluded by our data. The detectimyfert 2 galaxies.

of a broad component would be in agreement with the other _ . .
AGN:-like characteristics of the object, namely the presence%q‘zlg‘qlo'S a core dominated radio galaxyzt 0.023. It has

a radio jet and a compact, unresolved, X-ray core. Althougrpgen ﬁbserved at1.4 GHz by Lara.er: al (%00.1); s Lad{/c\)/slt\:\lj\(l:-
small-scale cooling flow may be present in NGC 315 (Worrag‘re shows a strong asymmetry, with a wide jet in the W-

. : .. _.._direction and a fainter component in the opposite direction

& Birkinshaw 2000), we interpret the observed low ionizatio Irec : : '
spectrum as the optical signature of a low luminosity AGN. probably related to the counter-jet. At 5 GHz, the VLBA image
shows a bright core and a collimated jet (Bondi et al. 2001).

0116+319 or 4C 31.04 is a variable radio-source with &hanks to a relatively high optical polarization (3.3%) and a
double-lobed radio structure; it shows the presence of a co@air break contrast smaller than 0.4, this object has been classi-
plex Hr absorption (Conway 1996), which hides one of thiéed as a BL Lac candidate by Marzkt al. (1996); in addition,
mini-lobes and partially covers the other. The core souriteshows a high radio polarization and a flat 8.4-43 GHz radio
was identified with a faint component between the two ezpectrum. Dennett-Thorpe & Maralf2000) suggest this could
tended lobes; no jet-like structures were observed either siskea “hidden” BL Lac whose non-thermal continuum is be-
of the core (Giovannini et al. 2001). From the steépvalue, ing swamped by starlight. Our spectroscopic analysis, carried
Dennett-Thorpe & March™(2000) suggest that 4C 31.04 ion the nuclear data after correction for the stellar contribution,
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Fig.3. Diagnostic diagrams showing
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reveals a low ionization spectrum typical of LINERs. Detectegorobably associated with a low luminosity AGN. The detection
in the X-rays by ROSAT (Moges et al. 1999), this source i this source at X-ray wavelengths with ROSAT (Moges et al.
probably a low luminosity AGN observed close to the jet.  1999) comes in support of this interpretation.

0651+410is a radio source associated with the elliptical galax3848+686 is a radio source with relatively flat 8.4-43 GHz
Zw 204-27. It shows a convex radio spectrum, peaking atdio spectrum and high radio polarization2(5%); its opti-
frequencies above a few GHz; this source is thus a Highl polarization is lower than 1%. Our spectroscopic analysis,
Frequency Peaker, or HFP (Dallacasa et al. 2000). Howevegatried out on the nuclear data after correction for the stel-
has been included by Marecki et al. (1999) in their GPS (GHlar contribution, reveals the presence of a Seyfert-like nuclear
Peaked Spectrum) candidate list. This source has a break amission region. At the presenttime, we do not dispose of addi-
trast~0.47 and an optical polarization below the 2% level; duenal pieces of information supporting the presence of an AGN
to its borderline properties, Maraft al. (1996) could not clas-in this object. X-ray observations could contribute to enlighten
sify this object. 0652410 could be a weak BL Lac diluted bythe situation and provide confirmation of the AGN nature of
the starlight of the host galaxy, as well as a flat radio spectruhis source. With a contrast value of 0.46 (Maaat al. 1996),
galaxy with a naturally low break contrast. Spectroscopic offtis could then be another example of a “hidden” BL Lac whose
servations by Merighi et al. (1991) reveal the presenceaf Hnon-thermal continuum is being swamped by the host galaxy
[N 11] 16548, 6584 and [@ 16300 in emission. Analysis of our starlight. For Caccianiga et al. (2002), however, this is just an-
nuclear spectrum, corrected for the host galaxy starlight, shomtker Passive Elliptical Galaxy (PEG).

the presence of a LINER. 0902+468is a compact radio source identified with a galaxy

0729+562is a steem?13 radio source displaying evidence ofatz = 0.0848. Its optical polarization value is less than 1.2%,
variability at 1.4 GHz (Dennett-Thorpe & Marah2000); al- and the radio polarization is inferior to 0.99% (Maacéf al.
though a number of BL Lacs and BL Lac candidates shdl®96; Dennett-Thorpe & Mar@2000). For Caccianiga et al.
variability at radio wavelengths, this source does not seem(&902), this could be a narrow emission-line galaxy; our anal-
be a BL Lac object and remains intriguing. VLBI observationgsis of the nuclear spectrum, corrected for the stellar contri-
at 5 GHz (Bondi et al. 2001) show that the radio source lwtion, suggests that this object harbours a Low lonization
rather collimated and presents a series of bright and relativlyclear Emission-line Region.

compact knots; however, the image does not allow us to dec']gf44+352is a low power radio-galaxy showing variable radio

whether the object is one- or two-sided, nor to identify the cor o )
the best candidate, based on observations at 1.6 GHz, seenﬁsbk%r'zat'on at 8 GHz (Dennett-Thorpe & MaeR000); also

be the southernmost component. 07382 has been identified ' arcsecond radio core is variable. This object has been iden-

with a weak-lined galaxy at = 0.107. Our Spectroscopic datatlfled with the Zwicky galaxy Zw 186.48 and is a known GPS

o .. source (Snellen et al. 1995). 114362 was extensively studied
suggests the presence of a Low lonization Nuclear Em'SSI%@_seve(ral authors usingfﬂai)rentinstrumentS' VLA I\ZERLIN
line Region. ' ' ’

and VLBI data (Giovannini et al. 1999) show a complex struc-
0733+597is a compact radio source (Patnaik 1992) identifieidre over a broad range of physical scales (1 pc—1 Mpc) and
with an SO galaxy az = 0.040538. Observations with theconfirm previous suggestions of superluminal motion in this
VLBI (Taylor et al. 1994) revealed a core-jet structure with source. At parsec resolution, Giovannini et al. (1999) identi-
faint counter-jet to the south; this source has been includedigd the core source and two-sided jets, very asymmetric in
the extragalactic radio-jets catalogue of Liu & Zhang (200Xhape and properties; from these observations, they computed
Following Dennett-Thorpe & Mar@h(2000), 0733597 would a jet orientation with respect to the line-of-sight of°2%his
constitute a good beamed object candidate. Analysis of adsirin agreement with the source properties, intermediate be-
optical data reveals the presence of a LINER, which is mdsteen an FR | galaxy and a BL Lac object. This source was



102 A. C. Gonalves and M. Serote Roos: The nuclear region of LL FRS sources. Il.

considered a BL Lac candidate by Maeckt al. (1996); in method, confirm these detections as well as the detection of
addition, it was detected at X-ray wavelengths by ROSAN 1] 6548 in emission. However, the poor signal-to-noise ra-
(Brinkman et al. 1995). All these pieces of evidence suggdgi of our spectrum does not allow a firm detection of the
that this could, indeed, be a “hidden” BL Lac, whose nor©1]16300, 6363 lines; unfortunately, the spectrum published
thermal continuum is swamped by starlight, or an object withoy de Vries et al. was not corrected for the atmospheric absorp-
jet at larger angles to the line-of-sight. Analysis of the optictibn, and displays a deep,B absorption at the wavelengths of
spectrum of 1144352 suggests the presence of a high ionizaterest, making it impossible to check for the presence of the
tion nuclear emission region reminiscent of those observed[@1] emission lines. Our LINER classification, based on one
Seyfert nuclei. This is in agreement with the other AGN-likdiagnostic diagram alone, is therefore to be checked through
characteristics of the object. the analysis of better quality data. The presence of an AGN in

, ) this source needs still to be confirmed.
1146+596is a compact radio source for Condon & Dressel

(1978). VLBI observations at 5 GHz (Wrobel et al. 1985}558+595is a radio source identified with an elliptical galaxy
suggest the presence of three components consistent witteka = 0.0602. It displays a high contrast value and little ra-
asymmetric core-jet structure; further VLBI imaging of thiglio polarization (Dennett-Thorpe & Marah2000); from its
source provided morphological and spectral evidence le&fieepry, index, these authors conclude that this is not a highly
ing to different conclusions — namely the presence of twiRoosted object and suggest it could be a CSO. VLBA images at
parsec-scale jets. The twin-jet kinematics requires that the jet&Hz show a compact triple-component morphology (Bondi
are mildly relativistic and oriented at50° from the line-of- etal. 2001); it is not clear which component is the core. NVSS
sight (Taylor et al. 1998). 114696 has been included inmaps reveal the presence of two slightly resolved radio fea-
the extragalactic radio-jets catalogue of Liu & Zhang (2002ires, connected by fainter emission, plus another two features
the optical counterpart of this source is NGC 3894, a brigit the East, with a two-sided jet visible (Denett-Thorpe, pri-
galaxy atz = 0.01068 classified as an elliptical or an Sgate communication). Spectroscopic observations of this ob-
(Nilson 1973). Although its optical continuum is dominated bigct point towards the presence of a Low lonization Nuclear
starlight, this galaxy’s radio and far-infrared continuum sudFmission-line Region. This is not supported by Caccianiga
gest the presence of an active nucleus (Condon & BroderRii@l- (2002), who classify 1558%95 as a simple PEG.

1988). Spectroscopic observatioqs c_arried by Kim (1989) shqg5&3020r 4C 30.31, is a radio galaxy with FR | type mor-
the_presgnce of a dustllane and ionized gas along. the gal?‘)ﬁY‘nBIogy; it shows a 32 kpc one-sided jet embedded ffusi
major axis; the gas kinematics are rather peculiar, exhibllyission (Gonzalez-Serrano et al. 1993). Capetti et al. (2000)
ing non-circular motions. Analysis of our data shows that theyealed the presence, in this galaxy, of a faint one-sided opti-
nuclear emission-line region has LINER characteristics; sUghyjet, co-spatial with the radio jet. Images obtained at 1.4 GHz

a low ionization spectrum could be associated with a 1oy, 5 small double with a compact point source at some dis-
power AGN. tance (Dennett-Thorpe, private communication). This object’s

1241+735is a core-jet radio source (Augusto et al. 1998) ideh@dio polarization is below the 2% level; the optical polar-
tified with a bright galaxy at = 0.075. VLBI imaging by Bond; 1Zation value is even lower (Dennett-Thorpe & Maach000;
et al. (2001) confirms the compact core and one-sided jet AR et al. 1996). 1658302 does not seem to constitute &

reveals an unusual radio morphology at larger distances fr§fiPd Plazar candidate. Analysis of our spectrum suggests the
the core, where the jet starts bending and ends in a comgd&sence of a LINER.

component. There is no hint of a counter-jet or of any extendedo3,223is a radio source associated with an elliptical galaxy
emission on the side opposite to the main radio jet. This oz = 0.04977. Although its optical polarization level is in-
ject shows very high and variable radio polarization and a fi@fior to 2%, Marcla™et al. (1996) have classified this object
a4 index, which led Dennett-Thorpe & Maral{2000) to sug- as a BL Lac candidate based on the contrast value; this has
gest this could be an active nucleus with a jet close to the lingeen recalculated by Dennett-Thorpe & Ma¢R000), whom
of-sight. Analysis of our spectroscopic data shows the presemgg|onger classify 170823 as a beamed object. Observed
of a Low lonization Nuclear Emission-line Region, which igt 1.4 GHz, this source displays two small compact dou-
compatible with the presence of a low power AGN. bles (Dennett-Thorpe, private communication). Analysis of our
spectroscopic data, after correction for the stellar contribution,

1245+676 IS a giant rad'o‘g"’?'a.xy with FR 1l type morphOI_shows the presence of a Low lonization Nuclear Emission-line
ogy (de Vries et al. 1997); it is also a known GPS Sourcﬁ'egion

At 1.4 GHz, its radio emission is core-dominated (Lara
et al. 2001). This source has been identified with the galaty55+626is a radio source identified with NGC 6521, a galaxy
VII Zw 485 atz = 0.107. It displays a high contrast value anéh a cluster. It has a radio polarization value inferior to 2%
little radio polarization (Dennett-Thorpe & Marat?000); in and a flat high frequency radio spectrum; based on these char-
consequence, this does not seem to be a good beamed obijetetristics, Dennett-Thorpe & Marah(2000) have suggested
candidate. Spectroscopic observations published by de Viieis could be a “hidden” BL Lac whose thermal continuum is
et al. (2000) show the presence ofiHHB, [N 11]16584 and swamped by starlight. Analysis of our optical spectrum, after
[Sm]A6717, 6731 in emission; our data, corrected for the stelerrection for the stellar contribution, reveals the presence of
lar contribution and modelled with a powerful line-deblending LINER; this could be associated with a low power AGN.
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The X-ray detection of this source by Zimmermann et al. Ourresults show that there is a connection between LL FRS
(2001) supports this hypothesis. 14826 is thus likely to host sources and low power AGN; other studies give support to our
a beamed active nucleus. findings. For instance, Nagar et al. (2000, 20) and Falcke et al.

2202+363is a compact radio source identified with a galax{?000, 2001) have reported VLA and VLBA observations of

atz = 0.075. Unresolved at 1.6 GHz, this source has beérs@mple of LL AGN selected from the spectroscopic survey
observed with the VLBA at 5 GHz (Bondi et al. 2001) show?! HO et al. (1995); spectroscopically, most of the objects in
ing a single component, barely resolved, and no indications!8fs Survey are classified as LINERs, with some low luminos-

extended emission. This object shows variability at 1.4 GHY and composite LINER-H objects also present (Ho et al.
(Dennett-Thorpe, private communication): its radio polariz&—ggn' Their observations have revealed that a large fraction of

tion level is inferior to 1.26%, the optical polarization beind’® Studied LINERs have flat spectrum compact radio cores,

significatively lower (March™et al. 1996; Dennett-Thorpe g Similar to those found in many AGN; in the brightest cores it

Marchd 2000). Our spectrum shows the presence of a LOWRS €ven possible to resolve the radio emission into jet-like
lonization Nuclear Emission-line Region, which could be retructures. These authors sustain that at least 50% of low lu-

minosity AGN in the sample are accretion dominated, with

) ) ) . ) the radio emission presumably coming from the jets/andn
2320+203is a compact radio source identified with a galaxyqyection-dominated accretion flow. In addition, the brightness
atz = 0.039. This is another example of an object displaying mperatures of the radio cores are consistent with the presence

high radio polarization and a flaf; index (Dennett-Thorpe & of 4 active nucleus, giving additional support to the AGN-like
Marché 2000). Our spectroscopic analysis reveals the presefgq re of these LINERS.

of a Low onization Nuclear Emission-line Region; this is most
probably associated with a low power AGN. Detection of thiE.IN
object at X-rays wavelengths by Brinkmann et al. (1995) com
in support of this hypothesis. 232003 is thus likely to host an
active nucleus observed close to the jet.

lated to the presence of a low power AGN.

Observing the cores of a sample of LL AGN, such as
ERs, these authors found a number of BL Lac-like sources.
S . .

our study followed the inverse path: studying a sample of low
luminosity FRS sources, known to contain a high fraction of
objects with blazar-like properties, we conclude that the large

i ) majority display a low ionization spectrum, typical of LINERSs.
5. Discussion

5.1. FRS Sources and low luminosity AGN 5.2 LINERs and ADAFs

Although usually displaying high luminosities, FRS sources ) )

seem to span a large range in luminosity and even jet powei-L AGN such as LINERs, it has been suggested that radio
foses could be due to an advection-dominated accretion flow,

(Falcke et al. 2001). In the past few years there has bee _ _ , .
growing interest in the low luminosity end of the distribution®" ADAF (Narayan & Yi 1994, 1995a,b; Fabian &_Rees 1995);
1 ADAF occurs for small values of the accretion rate (less

with some studies focusing on low power sources (Paper-t, :
Falcke 2001; Falcke et al. 2001; Maeckt al. 1996; Rector than 1% of the Eddington rate).
et al. 1999). Some of the above mentioned studies were driven There are estimations of the BH masses in BL Lacs and
by searches for the true nature of blazars and helped to expl@@io-loud quasars (e.g. Treves et al. 2002; Falomo et al. 2002;
the limitations of the present classification. Kotilainen et al. 2002). BL Lac BH masses span a range 5
In low power sources, the emission coming from the hos§'—1& Mo (Falomo et al. 2002; Kotilainen et al. 2002); addi-
galaxy (hot gas and starlight) is more prone to dilute the nofional results show that the velocity dispersions and BH masses
stellar spectrum, therefore adding to théidilty in studying ©Of BL Lac objects are similar to those obtained for lanadio-
the optical properties of the objects. Fully aware of this fad@alaxies, in agreement with the unified schemes for BL Lacs
we have revisited Marché&t al. data in search of additional in2&nd radio-galaxies; also, the average BH masses in radio-loud
formation on the nuclear region of LL FRS sources. Our réuasars are a factor2 greater than those of BL Lacs. The
sults show that the majority of the studied nuclei have LINEFRBH masses can be used to derive the Eddington luminosity and
type spectra. It is interesting to note that these low luminos##is value can be used to calculate the Eddington ratio, provided
sources d|sp|ay the same 0ptica| properties as other low |ur§|ﬂ3 total |Umin05ity is known. Treves et al. (2002) estimated the
nosity AGN (|_|_ AGN), name|y a low ionization spectrum. Eddlngton ratio for the two classes of ObjeCtS; their values dif-
Is the LINER emission a Signature of a low power AGNf,er by two orders of magnitude in the two classes. This gives
or is it being produced by other phenomena (shocks, photoigiPport to the hypothesis that the accretion rate changes from
ization by very hot stars, etc.)? The AGN hypothesis is favoréfgely sub-Eddington in low luminosity, weak-lined sources,
in our objects; in support, are the AGN-like radio characteri§? near-Eddington in high luminosity, strong-lined sources.
tics of the sources as well as the detection of an X-ray com- It has been suggested that the maiffattence between
pact core in a few objects. Some of the nuclei show a relativéfR | and FR Il radio-galaxies, as well as between LINERs
high degree of radio and optical polarization (see Table 1 afid Seyferts, lies in the accretion rate (for a complete discus-
Paper 1), which supports their beamed nature. Although masgin, see the review byafon-Cetty & \eron 2000); in the for-
of the sources do not seem to be highly boosted, they can neer objects, the accretion rate is small (and so isLtHg-qq)
ertheless be powered by a low luminosity AGN with a jet a&nd thus, an ADAF forms (Baum et al. 1995). There are evi-
larger angles to the line-of-sight. dences for the presence of an ADAF in the radio source Sgr A
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which has a LINER spectrum (Yuan et al. 2002) and also aould be an indication that the object has exhausted the gas neal
the FR | radio-galaxy M 87 (Reynolds et al. 1996). Moreovethe black hole and will undergo an ADAF phase.

LINERs show characteristics which can be accounted for by

the presence of an ADAF, like little short-term X-ray variabil; :
ity, or the presence of double-peaked profiles. Better quall%/ Summary and conclusions

data would allow to search for the possible presence of suchan dfort to better understand low luminosity FRS sources,
double-peaked emission lines in the galaxies of our sample.we undertook the spectroscopic study of 19 objects selected
gﬁam Marcha’s et al. (1996) 200 mJy sample. This sample was

An advection-dominated accretion flow could be present ted t tain a hiah fracti f obiects ob dat I
most BL Lacs and BL Lac-type objects. Cao (2002) studied"&Pected o contain a nigh fraction ot objects observed at sma
ngles to the jet, like low luminosity BL Lacs and candidate

sample of BL Lac objects and found a bi-modal distributio%L L dinclud biects displaving int diat
in their H3 luminosity; this author suggests that standard th acs, and Includes objects displaying intermediate proper-
ties between HBLs and LBLs.

disks are associated with sources displaying> 10** erg st . .
playing g Our study made use of stellar population synthesis as a tool

and BH masses in the range®1t M. In lower luminosity . > .
sources, like the ones in our sample, he expects the standQripcover the true spectroscopic characteristics of the nuclei;

thin disk to evolve into an advection-dominated accretion floy/° then performed a careful analysis C.)f the resulting emission-
forming a hot and thick disk. The lower limit to the BH mass o ne spectra. The data were modelled in terms of Gaussian pro-

these objects is in the range 1.66:84 1¢8 M, in agreement iles and the measured line ratios were used to identify the exci-
with what is observed in LINEés ' ©r tation mechanisms at work in the nuclear emission-line regions

by means of diagnostic diagrams. The results of this analysis

show that 79% (14.9) of the objects harbour a Low lonization
5.3. The unifying scheme for BL Lacs and FR Is Nuclear Emission-line Region, or LINER.

The observed low ionization spectra are interpreted as the

Blazars seem to be associated with FaffaRiley type | and I optical signature of an active nucleus. Although most of the
radio-galaxies. According to the unifying scheme, FSRQs afi@urces in our sample do not seem to be highly boosted, they
FR Il radio-galaxies would be similar objects observed frofn nevertheless be powered by a low power AGN with a jet
different angles between the radio jet and the line-of-sigftft/arger angles to the line-of-sight. The stellar populations de-
(Barthel 1989), with the former being the beamed version Byed in Paper | for these nuclei are in agreement with those
the latter. In what concerns BL Lacs, there is still some debatgually found in LINERs; also the black hole masses reported
on the nature of the parent population; some authors believéfsome LL FRS sources are compatible with the presence of a
to be the low luminosity, core dominated, FR | galaxies (Urry &L AGN, such as a LINER. Our results support a unifying pic-
Padovani 1995; Urry et al. 1999, 2000; Kollgaard et al. 1994yre involving LL FRS sources and FR | radio-galaxies, which
while others suggest FR Ils may also contribute (Murphy et &sually display a low ionization optical spectrum. The fact that
1993; Cassaro et al. 1999). A transition population betwei¢ observe a LINER-type spectrum in 79% of the nuclei sug-
beamed BL Lacs and unbeamed radio-galaxies has not b@8#ts that the majority of the objects presented here could be
detected (Rector et al. 1999); yet, a transition population ¥Rdergoing an ADAF phase. The remaining sources may still
low luminosity BL Lacs was predicted to exist in abundanc@ispose of enough gas around the black hole to fuel an opti-

in X-ray selected samples, like the one studied by Browne @lly thick, geometrically thin, cool accretion disk; as a conse-
Marché (1993). guence, we observe a higher-ionization, Seyfert-like spectrum.

- . . . Further observations, carried out at higher spectral reso-
A hot, radiatively indficient accretion flow such as anion and better signal-to-noise ratio, would allow us to bet-
ADAF could contribute to suppress the thermal emission {8, -nstrain the spectroscopic properties of these nuclei and
blazar-like objects, therefore allowing for the non-thermal r&ys, 14 check for variations in their line profiles; it would be
Q|at|on t? dominate over larger apgles between j[he jetand ticularly interesting to pursue such a study on the few ob-
line-of-sight. Asaconsequenc_e, it W,OUId be po§s_|b!e to obsg ¥Ets displaying radio variability. Finally, better quality data
some of the blazars’ properties without relativistic beamingy 4 allow us to search for large Balmer line components and

taking place. Such objects could be linked to a transition PoRys, |hje-peaked emission lines, typical of relativistic accretion
lation between beamed BL Lacs and unbeamed FR | galam&gks_

This could be the case for some of the objects in our sample,
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