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ABSTRACT

We built a catalog of 122 FR II radio galaxies, called FRIICAT, selected from a published sample obtained by combining observations
from the NVSS, FIRST, and SDSS surveys. The catalog includes sources with redshift≤ 0.15, an edge-brightened radio morphology,
and those with at least one of the emission peaks located at radiusr larger than 30 kpc from the center of the host.
The radio luminosity at 1.4 GHz of the FRIICAT sources covers the rangeL1.4 ∼ 1039.5 − 1042.5 erg s−1. The FRIICAT catalog has
90% of low and 10% of high excitation galaxies (LEGs and HEGs), respectively. The properties of these two classes are significantly
different. The FRIICAT LEGs are mostly luminous (−20 & Mr & −24), red early-type galaxies with black hole masses in the range
108
. MBH . 109M⊙; they are essentially indistinguishable from the FR Is belonging to the FRICAT. The HEG FR IIs are associated

with optically bluer and mid-IR redder hosts than the LEG FR IIs and to galaxies and black holes that are smaller, on average, by a
factor∼2.
FR IIs have a factor∼ 3 higher average radio luminosity than FR Is. Nonetheless, most (∼ 90 %) of the selected FR IIs have a radio
power that is lower, by as much as a factor of∼100, than the transition value between FR Is and FR IIs found in the 3C sample.
The correspondence between the morphological classification of FR I and FR II and the separation in radio power disappears when
including sources selected at low radio flux thresholds, which is in line with previous results. In conclusion, a radio source produced
by a low power jet can be edge brightened or edge darkened, and the outcome is not related to differences in the optical properties of
the host galaxy.
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1. Introduction

Fanaroff & Riley (1974) introduced the first classification
scheme for extragalactic radio sources with large-scale struc-
tures (i.e., greater than∼15-20 kpc in size) based on the ratioRFR
of the distance between the regions of highest surface brightness
on opposite sides of the central host galaxy to the total extent of
the source up to the lowest brightness contour in the radio im-
ages. Radio sources withRFR <0.5 were placed in Class I (i.e.,
the edge-darkened FR Is) and sources withRFR >0.5 in Class II
(i.e., the edge-brightened FR IIs). This morphology-basedclas-
sification scheme was found to be linked to their intrinsic power;
Fanaroff and Riley found that all sources in their sample with lu-
minosity at 178 MHz smaller than 2×1025 W Hz−1 sr−1 (for a
Hubble constant of 50 km s−1 Mpc−1) were classified as FR I
while the brighter sources all were FR II. The luminosity dis-
tinction between FR classes is fairly sharp at 178 MHz; their
separation is even cleaner in an optical-radio luminosity plane,
implying that the FR I/FR II dichotomy depends on both optical
and radio luminosity (Ledlow & Owen 1996).

The two Fanaroff-Riley classes do not instead correspond to
a division from the point of view of the optical spectroscopic
properties of their hosts. Laing et al. (1994) defined low and
high excitation galaxies (LEGs and HEGs) based on the ra-
tios of the diagnostic optical emission lines in a scheme sim-
ilar to that adopted to distinguish LINERs and Seyferts in ra-
dio quiet AGN (Kewley et al. 2006). While all FR Is for which
a reliable classification can be obtained are LEGs, both LEGs
and HEGs are found among the FR IIs (e.g., Buttiglione et al.
2010). Buttiglione et al. find that LEGs and HEGs also differ
from other points of view. While LEGs do not show promi-

nent broad lines, they are observed in∼ 30% of HEGs; nar-
row emission lines are a factor∼ 10 brighter in HEGs than in
LEGs at the same radio luminosity. Also, HEGs show bluer col-
ors than LEGs (Smolčić 2009). Baldi & Capetti (2008) identify
compact knots in the UV images of 3C HEG radio galaxies, a
morphological evidence of recent star formation extendingover
5−20 kpc; conversely, LEGs hosts are usually red, passive galax-
ies. These results suggest that the radio galaxies belonging to
the two spectroscopic classes correspond to different manifesta-
tion of the radio loud AGN phenomenon (Hardcastle et al. 2007;
Buttiglione et al. 2010; Best & Heckman 2012).

The recent multiwavelength large-area surveys are a unique
tool to further explore the connection between the morphologi-
cal and spectroscopic classes of radio galaxies, providingus with
large samples of radio emitting AGN extending to lower lumi-
nosities than in previous studies.

In Capetti et al. (2017) we created a catalog of 219 edge-
darkened FR I radio galaxies called FRICAT. We found that
the FRICAT hosts are remarkably homogeneous, as they are all
luminous red early-type galaxies (ETGs) with large black hole
masses and spectroscopically classified as LEGs. All these prop-
erties are shared by the hosts of more powerful FR Is in the 3C
sample. They do not show significant differences from the point
of view of their colors with respect to the general population of
massive ETGs. The presence of an active nucleus (and its level
of activity) does not appear to affect the hosts of FR Is.

We now extend this study to the population of edge-
brightened FR II radio galaxies with the main aim of compar-
ing the properties of FR Is and FR IIs by also considering their
spectroscopic classification.
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This paper is organized as follows. In Sect. 2 we present the
selection criteria of the sample of FR IIs. The radio and optical
properties of the selected sources are presented in Sect. 3.Sect.
4 is devoted to results and conclusions.

Throughout the paper we adopt the same cosmology param-
eters used in Capetti et al. (2017), i.e.,H0 = 67.8 km s−1 Mpc−1,
ΩM = 0.308, andΩΛ = 0.692 (Planck Collaboration et al.
2016).

For our numerical results, we use c.g.s. units unless stated
otherwise. Spectral indicesα are defined in the usual convention
on the flux density,S ν ∝ ν−α. The SDSS magnitudes are in the
AB system and are corrected for the Galactic extinction;WISE
magnitudes are instead in the Vega system and are not corrected
for extinction since, as shown by, for example, D’Abrusco etal.
(2014), such correction affects mostly the magnitude at 3.4µm
of sources lying at low Galactic latitudes (and by less than∼3%).

2. Sample selection

We searched for FR II radio galaxies in the sample of 18,286
radio sources built by Best & Heckman (2012; hereafter the
BH12 sample) by limiting our search to the subsample of ob-
jects in which, according to these authors, the radio emis-
sion is produced by an active nucleus. They cross-matched
the optical spectroscopic catalogs produced by the group from
the Max Planck Institute for Astrophysics and Johns Hopkins
University (Brinchmann et al. 2004; Tremonti et al. 2004) based
on data from the data release 7 of the Sloan Digital Sky
Survey (DR7/SDSS; Abazajian et al. 2009),1 with the National
Radio Astronomy Observatory Very Large Array Sky Survey
(NVSS; Condon et al. 1998) and the Faint Images of the Radio
Sky at Twenty centimeters survey (FIRST; Becker et al. 1995;
Helfand et al. 2015) adopting a radio flux density limit of 5 mJy
in the NVSS. We focused on the sources with redshiftz < 0.15.

We adopted a purely morphological classification based on
the radio structure shown by the FIRST images. We visually in-
spected the FIRST images of each source and preserved those
with an edge brightened morphology in which at least one of the
emission peaks lies at a distance of at least 30 kpc from the cen-
ter of the optical host. The 30 kpc radius corresponds to 11.

′′4 for
the farthest objects; thez < 0.15 redshift limit ensures that all
the selected sources are well resolved with the 5′′ resolution of
the FIRST images. The three authors performed this analysisin-
dependently and we included only the sources for which a FR II
classification is proposed by at least two of us. We allowed for
the presence of diffuse emission leading to X-, Z-, or C-shaped
morphologies, but not extending at larger distances with respect
to the emission peaks, thus excluding wide angle tail sources
(Owen & Rudnick 1976). Most of these sources are double, i.e.,
they do not show nuclear radio emission; the lack of this pre-
cise position reference requires a further check of the original
optical identifications. We discarded three objects in which the
identification of the host is not secure.

The resulting sample, to which we refer as FRIICAT, is
formed by 122 FR IIs whose FIRST images are presented in the
Appendix. Their main properties are presented in Table 1, where
we report the SDSS name, redshift, and NVSS 1.4 GHz flux
density (from BH12). The [O III] line flux, the r-band SDSS AB
magnitude,mr, the Dn(4000) index (see Section 3 for its defini-
tion), and the stellar velocity dispersionσ∗ are instead from the
MPA-JHU DR7 release of spectrum measurements. The concen-
tration indexCr was obtained for each source directly from the

1 Available athttp://www.mpa-garching.mpg.de/SDSS/.

SDSS database. For sake of clarity, uncertainties are not shown
in the table; we estimated a median uncertainty of 0.09 onCr, of
0.03 on Dn(4000), of 0.005 magnitudes onmr, and of 10 km s−1

on σ∗. We also list the resulting radio and line luminosity and
the black hole masses estimated from the stellar velocity disper-
sion and the relationσ∗ − MBH of Tremaine et al. (2002). The
uncertainty in theMBH value is dominated by the spread of the
relation used (rather than by the errors in the measurementsof
σ∗) resulting in an uncertainty of a factor∼ 2. Finally, we give
the classification (from BH12) into LEGs and HEGs based on
the optical emission line ratios in their SDSS spectra.

3. FRIICAT hosts and radio properties

3.1. Hosts properties

The majority (107) of the selected FR IIs are classified as LEG,
but there are also 14 HEG and just one source that cannot be clas-
sified spectroscopically because of the lack of emission lines,
namely J1446+2142.

The distribution of absolute magnitude of the FRIICAT hosts
covers the range−20 & Mr & −24 (see Fig. 1, left panel). The
distribution of black hole masses (Fig. 1, right panel) is rather
broad. Most sources have 8.0 . log MBH . 9.0M⊙, but a tail
toward smaller values, down toMBH ∼ 106.5M⊙, that includes
∼ 15% (13 LEGs and 4 HEGs) of the sample.

The FR II HEGs are less luminous, overall, and harbor less
massive black holes with respect to the FR II LEGs; the me-
dians of their distributions are< Mr(HEG) >= −21.97± 0.17,
< Mr(LEG) >= −22.62±0.06,< log MBH(HEG)>= 8.21±0.11,
and< log MBH(LEG) >= 8.46± 0.04, respectively. The com-
parison between the FRIICAT LEG sources and the FRICAT
hosts (< Mr(FR I) >= −22.69± 0.03 and< log MBH(FR I) >=
8.55±0.02) indicates that only marginal differences (and not sta-
tistically significant) are present between the medians of these
distributions.

The Dn(4000) spectroscopic index, defined according to
Balogh et al. (1999) as the ratio between the flux density mea-
sured on the red side and blue side of the Ca II break, is an in-
dicator of the presence of young stars or of nonstellar emission.
Low redshift (z < 0.1) red galaxies have Dn(4000)= 1.98±0.05,
which is a value that decreases to= 1.95±0.05 for 0.1 < z < 0.15
galaxies (Capetti & Raiteri 2015).

The concentration indexCr, which is defined as the ratio
of the radii including 90% and 50% of the light in ther band,
can be used for a morphological classification of galaxies, in
which early-type galaxies have higher values ofCr than late-
type galaxies. Two thresholds have been suggested to define
ETGs: a more conservative value atCr & 2.86 (Nakamura et al.
2003; Shen et al. 2003) and a more relaxed selection atCr & 2.6
(Strateva et al. 2001; Kauffmann et al. 2003; Bell et al. 2003).
Bernardi et al. (2010) found that the second threshold of thecon-
centration index corresponds to a mix of E+S0+Sa types, while
the first mainly selects ellipticals galaxies, removing themajor-
ity of Sas, but also some Es and S0s.

In Fig. 2 we show the concentration indexCr versus the
Dn(4000) index (left panel) for the FRIICAT sources. More than
∼90% of the LEG FR II hosts lie in the region of highCr and
Dn(4000) values, indicating that they are red ETGs. The HEG
FR II are still ETGs, but they show generally lower values of
Dn(4000).

We also consider theu−r color of the galaxies, obtained from
SDSS imaging and thus referred to the whole galaxy rather than
just the 3′′ circular region covered by the SDSS spectroscopic
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aperture. In Fig. 2 (central panel) we show theu− r color versus
the absolute r-band magnitudeMr of the hosts. As already found
by considering the Dn(4000) index, the FR II HEGs show bluer
color than the FR II LEGs; in this latter class, only two sources
have au − r color that is smaller than the threshold separating
red and blue ETGs (Schawinski et al. 2009).

In Fig. 2, right panel, we show the comparison of the
WISE mid-IR colors of FRIICAT and FRICAT sources; the
associations with theWISE catalog are computed by adopt-
ing a 3.′′3 search radius (D’Abrusco et al. 2013). All but one
of the (J1121+5344) FRIICAT sources have aWISE counter-
part, but 25 of these sources are undetected in theW3 band.
The LEG FR IIs have mid-IR colors similar to those of the
FRICAT sources; their mid-IR emission is dominated by their
host galaxies since they fall in the same region of elliptical galax-
ies (Wright et al. 2010). Only five LEGs haveW2 − W3 > 2.5,
exceeding the highest value measured for FR Is.

Conversely, HEGs reach mid-IR colors as high asW2 −
W3=4.3, colors similar to those of Seyfert and starburst galaxies
(e.g., Stern et al. 2005). Their red colors are likely due to acom-
bination of star-forming regions and/or emission from hot dust
within a circumnuclear dusty torus.

Overall, we found 10 LEG FR IIs whose properties do not
conform with the general behavior of their class, for example,
showing blue colors or being associated with small black holes.
In some cases, this is due to relatively large errors particularly
in the measurement ofσ∗, a possible uncertain identification
of their spectroscopic class, or a substantial contribution from
a bright nonthermal nucleus. However, there are three objects
(namely J0755+5204, J1158+3006, and J1226+2538) for which
we obtain estimates of the black hole mass of logMBH ∼ 6.5 −
6.8; based on theirCr value these objects are late-type galaxies
and two of them also show blue optical colors (and red mid-IR
colors). These properties are all typical of radio quiet AGN. This
contrasts with the observed radio power (logνLr ∼ 40.5− 40.9)
and morphology.

3.2. Radio properties

The radio luminosity at 1.4 GHz of the FRIICAT covers the
rangeL1.4 = νrlr ∼ 1039.5 − 1042.5 erg s−1 (Fig. 3, left panel),
reaching a radio power almost two orders of magnitude lower
than the FR IIs in the 3C sample. The HEGs are brighter than
LEGs (with median of logL1.4 = 41.37 and 40.76, respec-
tively) and LEGs are brighter than the FRICAT sources by a
factor ∼3; 90% of the FRIICAT fall below the separation be-
tween FR Is and FR IIs originally reported by Fanaroff & Riley
(1974) which translates, with our adopted cosmology and by as-
suming a spectral index of 0.7 between 178 MHz and 1.4 GHz,
into L1.4 ∼ 1041.6 erg s−1. Similarly, we find that∼75% of the
FRIICAT sources (and including also four HEGs) are located
below the dividing line in the optical-radio luminosity plane de-
fined by Ledlow & Owen (1996);2 see Fig. 3, right panel.

FR IIs show a large spread in both radio and [O III] line
luminosities (see Fig. 4). In this plane, the FR II LEGs cover
essentially the same region of the FR Is with just a tail toward
higher power both in line and in radio; no correlation is seen
between these two quantities. The FR II HEGs generally have
higher ratios betweenL[O III] and L1.4 than LEGs, which is an

2 We shifted the dividing line to the right of the diagram to include
a correction of 0.12 mag to scale our total host magnitude to the M24.5

used by these authors, and an additional 0.22 mag to convert the Cousin
system into the SDSS system (Fukugita et al. 1996).

effect already found in the 3C sample (Buttiglione et al. 2010).
The HEGs in FRIICAT are mostly located above the correlation
defined by the 3C HEGs. A linear fit including both samples is
indeed shallower (with a slope of 0.91) than that obtained from
the 3C sources alone (whose slope is 1.15).

3.3. Comparison with previous works

As discussed in Sect. 2, we decided to maintain the traditional
morphological visual classification into edge-brightenedFR IIs
and edge-darkened FR Is rather than adopting quantitative meth-
ods such as those used by Lin et al. (2010). The comparison
of our classification with that proposed by these authors indi-
cates that, among the 96 sources in common,∼ 80% of the
FRIICAT sources are classified as classa in their nomenclature,
i.e., sources with two hot spots on either side of the galaxy.Most
of the remaining objects fall in classb, in which the emission
peak is coincident with the host galaxy; however, the inspection
of these FR II radio sources does not show any clear distinguish-
ing feature from those in the main class, other than having a
relatively brighter central source in addition to the two lobes.

The main drawback of our scheme, based on the subjective
visual inspection of radio images, is the relatively high frac-
tion of sources of uncertain classification. The rather strict crite-
ria adopted for a positive classification as FR I in Capetti etal.
(2017) and here for the FR II enabled us to select only 219 FR Is
and 122 FR II; more than half of the 714 radio galaxies extended
more than 30 kpc cannot be allocated to any FR class. On the
other hand, this strategy allows us to select samples that are very
uniform from a morphological point of view and that are opti-
mally suited for our main purpose, i.e., the comparison of the
properties of the two classes.

More recently, Miraghaei & Best (2017) performed an anal-
ysis on the same initial sample, with an apparently similar selec-
tion strategy based on visual inspection. However, the resulting
sample of both FR I and FR II differ significantly from those
we obtained with only∼ 25% of objects in common for both
classes, even restricting the comparison to the same range of
redshift, 0.03 < z < 0.15. This mismatch is likely due to the
different requirements (based, e.g., on linear instead of angular
sizes and different radio flux limits); most importantly they con-
sidered only sources corresponding to multicomponents objects
in FIRST and this rejects most of the edge darkened sources we
included in FRICAT. Overall, their results do not strongly differ
from ours, probably because (leaving aside the HEGs) the prop-
erties of low z radio AGN are very homogeneous regardless of
their radio morphology. However, for example, we do not find
significative differences in theCr values between FRI and FRII
hosts.

4. Discussion and conclusions

The properties of the FRIICAT sources differ between those
spectroscopically identified as LEGs or HEGs. The HEGs have
lower optical luminosities, smaller black hole masses, andhigher
radio luminosities with respect to LEGs, although a substantial
overlap between the two classes exist for all these quantities. The
clearest differences are related to the ratio between line and ra-
dio luminosities and to their colors; HEGs are bluer in the optical
and redder in the mid-IR. These results confirm the conclusions
of previous studies (e.g., Baldi & Capetti 2008; Buttiglione et al.
2010; Baldi & Capetti 2010; Best & Heckman 2012).

The population of the LEG FR IIs included in the FRIICAT
is remarkably uniform. They are all luminous red ETGs with
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Fig. 1. Distributions of ther-band absolute magnitude (left) and black hole masses (right). The black histograms are for FRIICAT
(cyan for the HEG FRIICAT subsample), the red histograms for the FRICAT. The FRICAT histograms are all scaled by the relative
number of FR I and FR II, i.e., by 122/219.

Fig. 2. Left: concentration indexCr vs. Dn(4000) index for the FRIICAT and FRICAT samples indicated by black and red dots,
respectively. The HEG FR II are represented by cyan circles.Center: absoluter-band magnitude,Mr, vs.u − r color. Right:WISE
mid-IR colors.

Fig. 3. Left panel: radio luminosity distribution of the FRIICAT (black, cyan for the HEGs) and FRICAT sources (red). The dotted
vertical line indicates the transition power between FR I and FR II reported by Fanaroff & Riley (1974). Right panel: radio lumi-
nosity (NVSS) vs. host absolute magnitude,Mr, for FRIICAT and FRICAT (black and red, respectively; cyan for the HEG FR II).
The dotted line shows the separation between FR I and FR II reported by Ledlow & Owen (1996) to which we applied a correction
of 0.34 mag to account for the different magnitude definition and the color transformation between the SDSS and Cousin systems.
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large black hole masses (MBH & 108M⊙); only ∼ 10% of the
LEG FR IIs depart from this general description. All these prop-
erties are shared with the hosts of the FRICAT sources. The dis-
tributions of MBH and Mr differ with a statistical significance
higher than 95% according to the Kolmogoroff-Smirnov test;
this is due to the presence of a tail of lowMBH sources, reaching
value as low as 3×106M⊙. However, the median ofMBH andMr
differ only marginally by less than 0.1 dex. Even the median ra-
dio luminosity of LEG FR II is just a factor∼3 higher than that
measured in FR I. Apparently, the difference in radio morphol-
ogy between edge-brightened and edge-darkened radio sources
does not translate into a clear separation between the nuclear and
host properties, while the spectroscopic classes, LEG and HEG,
do.

The FRIICAT sample unveils a population of FR IIs of much
lower radio power with respect to those obtained at high radio
flux thresholds, extending it downward by two orders of mag-
nitude. The correspondence of the morphological classification
of FR I and FR II with a separation in radio power that is ob-
served, for example, in the 3C sample, disappears. This conclu-
sion is in line with previous results (Best 2009; Lin et al. 2010;
Wing & Blanton 2011). A radio source produced by a low power
jet can be edge brightened or edge darkened and the outcome is
not due to differences in the optical properties of the host galaxy.

Nonetheless, Capetti et al. (2017) find that the connection
between radio morphology and host properties is preserved in
FR Is; there is a well-defined threshold of radio power above
which an edge darkened radio source does not form and this
limit has a strong positive dependence on the host luminosity.
This effect was originally seen by Ledlow & Owen (1996) but
partly lost in subsequent studies; we believe that we recover it
because of the stricter criteria we adopted for the selection of
FR Is.

It can be envisaged that brighter galaxies are associated with
denser and more extended hot coronae that are able to disrupt
more powerful jets. But the large population of low power FR IIs
indicates that the situation is more complex; there is a large over-
lap of radio power between FR Is and FR IIs and radio power is
believed to be a robust proxy for the jet power (e.g., Willottet al.
1999; B̂ırzan et al. 2004). Apparently, jets of the same power ex-
panding in similar galaxies can form both FR I and FR II. This
indicates that the optical properties of the host and radio lumi-
nosity are not the only parameters driving the evolution of low
power radio sources. Further studies of, for example, the X-rays
properties and the larger scale environment are needed to clarify
this issue.
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Table 1. Properties of the FRIICAT sources.

z NVSS [O III] mr Dn σ∗ Cr νLr L[O III] MBH Class
SDSS J001247.57+004715.8 0.148 58.6 11.5 16.352 2.07 263 2.99 40.72 39.86 8.6LEG
SDSS J002107.62−005531.4 0.108 111.9 3.3 15.351 1.99 250 3.17 40.70 39.02 8.5LEG
SDSS J004326.80−105421.8 0.127 82.3 176.6 15.834 1.92 247 2.92 40.72 40.90 8.5 LEG
SDSS J004404.66+010152.9 0.112 366.0 126.1 16.426 1.78 219 3.48 41.24 40.64 8.3 LEG
SDSS J011830.65−104356.4 0.126 56.3 7.0 16.681 1.83 224 2.90 40.54 39.49 8.3 LEG
SDSS J024558.54−064900.6 0.139 102.0 4.4 16.318 1.86 261 3.06 40.89 39.38 8.6LEG
SDSS J075221.83+333348.9 0.140 66.0 — 16.458 1.95 269 3.31 40.71 — 8.6 LEG
SDSS J075529.95+520450.6 0.140 99.4 4.5 17.835 1.42 81 2.33 40.89 39.39 6.6 LEG
SDSS J075628.78+501716.3 0.134 165.0 46.8 15.844 1.93 296 2.75 41.07 40.37 8.8 LEG
SDSS J080107.19+175849.7 0.140 847.0 9.7 17.417 1.57 161 2.85 41.82 39.73 7.7LEG
SDSS J080158.09+175152.6 0.147 16.9 18.8 16.715 1.99 258 3.24 40.16 40.06 8.6LEG
SDSS J080535.00+240950.3 0.060 4781.0 2791.1 15.376 1.68 205 3.26 41.78 41.40 8.2 HEG
SDSS J081343.61+525738.2 0.138 194.6 9.7 16.116 1.98 250 2.80 41.17 39.72 8.5LEG
SDSS J081512.33+384045.4 0.125 487.8 11.6 17.127 1.88 333 2.75 41.48 39.71 9.0 LEG
SDSS J081734.46+445850.8 0.142 135.6 6.0 17.032 1.98 234 3.28 41.04 39.54 8.4LEG
SDSS J082247.63+041750.0 0.095 132.0 13.7 15.666 1.94 248 3.27 40.65 39.53 8.5 LEG
SDSS J083109.54+414738.1 0.132 155.0 10.2 16.211 2.01 236 3.28 41.03 39.70 8.4 LEG
SDSS J083112.15+434158.4 0.111 121.0 20.4 15.170 1.84 275 3.07 40.76 39.84 8.7 LEG
SDSS J084529.04+421952.9 0.133 201.0 42.0 16.857 1.79 230 3.13 41.15 40.32 8.4 LEG
SDSS J084759.04+314708.3 0.067 1647.0 67.7 13.735 2.02 338 2.95 41.43 39.90 9.0 LEG
SDSS J090150.32+555527.4 0.141 638.0 28.5 17.372 1.85 191 3.00 41.70 40.21 8.1 LEG
SDSS J091153.61+372413.3 0.104 596.4 50.0 14.908 1.95 301 2.87 41.39 40.17 8.8 LEG
SDSS J091225.08+534139.1 0.101 204.1 21.6 16.181 1.77 183 3.00 40.89 39.77 8.0 LEG
SDSS J091445.53+413714.2 0.140 449.0 269.1 15.371 1.82 300 2.68 41.55 41.18 8.8 LEG
SDSS J091948.45+575055.9 0.137 11.5 15.1 16.879 1.94 261 3.21 39.93 39.90 8.6LEG
SDSS J092611.26+170357.9 0.116 163.3 80.6 15.972 1.93 233 3.44 40.93 40.48 8.4 LEG
SDSS J093215.91+180419.9 0.147 57.0 9.7 16.324 2.00 271 3.41 40.70 39.78 8.7 LEG
SDSS J093641.99+111350.9 0.120 48.3 2.6 16.457 1.96 298 3.44 40.43 39.02 8.8 LEG
SDSS J094124.02+394441.8 0.108 1811.0 1382.7 16.125 1.60 209 3.06 41.90 41.64 8.2 HEG
SDSS J094201.76+084736.8 0.134 97.6 16.6 16.092 1.93 292 3.15 40.84 39.93 8.8LEG
SDSS J094703.01+231614.2 0.084 30.8 21.7 15.923 1.93 234 3.18 39.90 39.61 8.4LEG
SDSS J095640.77−000124.0 0.139 166.0 43.4 16.259 2.04 265 2.93 41.11 40.38 8.6 LEG
SDSS J101558.24+404647.2 0.128 1009.0 16.9 16.392 1.91 236 3.40 41.81 39.89 8.4 LEG
SDSS J101954.48+393022.8 0.112 52.0 0.4 16.433 1.86 227 3.22 40.40 38.13 8.4 LEG
SDSS J102150.38+080833.8 0.103 585.7 15.8 15.211 1.90 253 2.99 41.38 39.66 8.5 LEG
SDSS J102156.67+144331.4 0.111 412.0 1110.3 15.956 1.60 193 3.05 41.29 41.578.1 HEG
SDSS J102237.40+383444.9 0.052 117.4 40.8 13.935 1.96 268 3.01 40.05 39.44 8.6 LEG
SDSS J103128.22+084324.1 0.141 347.7 10.2 15.871 1.97 229 2.92 41.44 39.76 8.4 LEG
SDSS J103443.26+053319.8 0.141 167.1 2.8 16.015 2.03 279 3.30 41.12 39.19 8.7LEG
SDSS J103602.94+525936.1 0.142 30.1 350.0 17.456 1.59 170 3.09 40.39 41.31 7.8 HEG
SDSS J104502.74+471759.1 0.145 76.2 17.4 16.381 1.98 289 3.32 40.81 40.02 8.8LEG
SDSS J104632.21+543559.7 0.145 279.0 938.6 17.400 1.44 302 3.33 41.37 41.75 8.8 HEG
SDSS J104742.83+434652.7 0.086 104.0 17.6 15.137 2.01 230 2.97 40.45 39.54 8.4 LEG
SDSS J105052.47+400050.7 0.129 147.0 79.7 16.833 1.83 204 3.20 40.99 40.57 8.2 LEG
SDSS J105439.55+060630.7 0.135 58.7 3.8 16.442 1.94 226 3.38 40.63 39.29 8.3 LEG
SDSS J110035.08+253911.0 0.145 242.0 41.0 17.027 1.95 228 3.20 41.31 40.39 8.4 LEG
SDSS J110151.89+164038.6 0.069 699.0 188.9 15.891 1.93 226 3.23 41.08 40.37 8.3 LEG
SDSS J110214.15+242954.7 0.144 108.0 19.7 16.038 1.94 282 3.31 40.95 40.07 8.7 LEG
SDSS J110214.91+234111.9 0.146 29.0 6.3 17.111 1.90 184 3.11 40.39 39.58 8.0 LEG
SDSS J110215.68+290725.2 0.106 145.6 402.7 15.429 1.51 219 3.08 40.79 41.09 8.3 HEG
SDSS J110253.95+125904.0 0.140 82.0 16.6 15.999 1.96 253 3.04 40.81 39.97 8.5LEG
SDSS J111317.91+412429.3 0.095 115.2 5.8 15.340 1.94 202 2.99 40.59 39.14 8.1LEG
SDSS J112126.44+534456.7 0.104 83.0 16.8 15.175 1.90 215 2.83 40.53 39.69 8.3LEG
SDSS J113133.57+604727.9 0.145 19.0 10.9 17.294 1.91 190 2.94 40.20 39.81 8.0LEG
SDSS J113626.35+501323.7 0.054 41.0 7.8 15.280 1.91 173 3.19 39.63 38.76 7.9 LEG
SDSS J114427.19+370831.8 0.115 2012.0 154.7 16.341 1.87 225 3.52 42.01 40.758.3 LEG
SDSS J114428.11+035815.7 0.127 75.6 8.3 16.408 1.85 248 3.14 40.68 39.57 8.5 LEG
SDSS J114432.99+213217.0 0.109 35.3 24.8 16.183 1.97 263 3.21 40.21 39.91 8.6LEG
SDSS J114525.98−022332.9 0.128 46.8 10.2 16.648 1.92 248 2.94 40.48 39.67 8.5LEG
SDSS J114948.11+435412.6 0.071 58.0 17.5 15.898 1.96 229 3.37 40.02 39.36 8.4LEG

Continued on Next Page
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Table 1 – Continued

z NVSS [O III] mr Dn σ∗ Cr νLr L[O III] MBH Class
SDSS J115358.87+093929.8 0.103 672.0 16.4 15.211 1.99 267 3.07 41.43 39.67 8.6 LEG
SDSS J115525.19+253222.4 0.137 26.1 4.1 17.009 1.99 263 3.15 40.29 39.34 8.6 LEG
SDSS J115812.96+300625.9 0.139 106.7 7.1 17.165 1.72 96 1.99 40.91 39.59 6.8 LEG
SDSS J115820.13+262112.0 0.112 1142.0 42.8 16.813 1.86 198 3.18 41.74 40.17 8.1 LEG
SDSS J120732.92+335240.1 0.079 480.7 2148.6 15.175 1.34 192 2.75 41.04 41.558.1 HEG
SDSS J122052.45+313308.4 0.104 60.3 15.8 16.179 1.96 241 3.18 40.39 39.67 8.5LEG
SDSS J122640.22+253855.5 0.134 44.3 12.2 17.490 1.25 76 1.89 40.50 39.80 6.5 LEG
SDSS J124021.98+465636.3 0.141 135.5 14.5 17.121 1.85 175 3.27 41.03 39.92 7.9 LEG
SDSS J125222.61+031554.0 0.099 919.0 22.9 15.489 1.98 246 3.04 41.53 39.78 8.5 LEG
SDSS J125303.17+450044.8 0.078 472.0 23.7 14.659 1.97 253 2.90 41.02 39.57 8.5 LEG
SDSS J131509.84+084053.3 0.093 869.0 111.7 16.504 1.82 219 3.28 41.45 40.41 8.3 HEG
SDSS J131904.16+293834.8 0.073 1467.0 41.5 15.036 1.87 202 3.17 41.45 39.76 8.2 LEG
SDSS J132117.81+423515.2 0.079 1985.0 259.8 15.883 1.46 176 2.54 41.66 40.637.9 HEG
SDSS J132848.45+275227.8 0.091 207.0 927.0 16.711 1.42 177 3.37 40.81 41.31 7.9 HEG
SDSS J133453.36−013238.5 0.087 22.0 16.9 17.369 1.81 132 2.86 39.79 39.53 7.4LEG
SDSS J133729.21+481820.5 0.119 69.0 2.4 16.285 1.89 234 3.04 40.58 38.97 8.4 LEG
SDSS J133742.35+294223.2 0.115 219.0 21.2 15.222 2.05 269 3.01 41.05 39.89 8.6 LEG
SDSS J134134.85+534443.7 0.141 1118.0 241.9 16.677 1.59 240 3.23 41.95 41.148.4 HEG
SDSS J134503.02+094724.0 0.130 73.0 8.3 16.239 1.92 242 3.04 40.69 39.60 8.5 LEG
SDSS J134532.76+054610.4 0.125 81.0 5.2 16.231 1.93 239 3.41 40.69 39.35 8.4 LEG
SDSS J135117.87+640936.9 0.109 39.3 11.9 16.632 1.89 165 3.14 40.26 39.59 7.8LEG
SDSS J135124.55+085216.4 0.136 88.0 5.8 15.656 2.01 298 3.06 40.81 39.48 8.8 LEG
SDSS J135432.96+281436.1 0.065 84.0 22.8 15.150 2.06 221 3.28 40.10 39.39 8.3LEG
SDSS J135526.20+352544.1 0.108 53.0 18.1 15.911 1.91 205 3.27 40.37 39.76 8.2LEG
SDSS J141231.76+140041.0 0.140 46.9 5.6 16.113 2.01 305 3.24 40.56 39.49 8.9 LEG
SDSS J141247.44+045431.5 0.136 36.3 10.3 16.401 1.90 233 3.16 40.42 39.73 8.4LEG
SDSS J141527.22+172431.1 0.124 9.8 3.3 16.063 2.00 313 3.46 39.77 39.16 8.9 LEG
SDSS J142341.44+250149.2 0.146 28.8 3.8 16.773 2.00 263 3.00 40.39 39.36 8.6 LEG
SDSS J142557.05+392444.9 0.143 27.0 39.1 16.752 1.71 220 3.01 40.34 40.36 8.3HEG
SDSS J143010.53+304428.3 0.129 49.4 5.5 16.095 1.95 211 2.96 40.51 39.41 8.2 LEG
SDSS J143715.00+244532.2 0.086 151.6 29.4 16.267 1.94 210 3.35 40.62 39.76 8.2 LEG
SDSS J144625.13+214209.8 0.112 7.6 12.7 15.465 1.98 264 3.31 39.57 39.64 8.6
SDSS J144626.18+063359.1 0.063 64.1 16.4 15.877 1.95 168 2.93 39.95 39.22 7.8LEG
SDSS J144948.90+335126.8 0.088 116.0 5.1 16.074 1.83 223 3.55 40.52 39.02 8.3LEG
SDSS J145423.45+162119.0 0.045 1489.0 60.5 13.245 2.01 304 3.09 41.03 39.49 8.9 LEG
SDSS J145752.76+111809.5 0.122 105.2 9.7 16.031 2.03 247 3.24 40.79 39.61 8.5LEG
SDSS J145753.81+283218.7 0.144 930.0 990.4 16.214 1.63 232 2.84 41.89 41.77 8.4 HEG
SDSS J150031.48+362849.8 0.093 59.7 52.1 15.543 1.92 260 3.10 40.28 40.08 8.6LEG
SDSS J150146.57+243916.0 0.120 108.3 22.2 15.263 1.92 261 2.77 40.78 39.95 8.6 LEG
SDSS J150827.31+541507.4 0.096 25.7 20.5 16.156 1.62 187 3.19 39.95 39.71 8.0LEG
SDSS J151247.16−014423.3 0.146 120.0 2148.5 17.461 1.04 110 2.54 41.01 42.127.1 HEG
SDSS J151414.68+232708.4 0.088 232.7 15.4 15.449 2.06 238 3.27 40.82 39.50 8.4 LEG
SDSS J151423.26+011130.7 0.125 54.0 — 16.709 1.97 189 2.83 40.52 — 8.0 LEG
SDSS J151454.07+420047.3 0.135 177.0 18.8 15.346 1.98 315 3.17 41.10 39.99 8.9 LEG
SDSS J151639.48+024712.6 0.110 131.0 24.1 15.491 1.88 273 3.16 40.78 39.90 8.7 LEG
SDSS J151640.21+001501.9 0.053 2722.0 1286.6 14.855 1.31 293 3.27 41.43 40.95 8.8 LEG
SDSS J152245.61+194220.3 0.109 86.7 42.3 16.368 1.53 209 3.10 40.60 40.14 8.2LEG
SDSS J152257.38+025512.1 0.110 29.4 1.8 16.084 2.13 213 2.51 40.14 38.77 8.2 LEG
SDSS J153007.96+231616.0 0.090 236.0 25.0 15.103 2.09 287 3.00 40.85 39.73 8.8 LEG
SDSS J154042.39+422136.0 0.142 55.3 13.8 15.829 2.01 279 2.82 40.65 39.90 8.7LEG
SDSS J154118.78+514043.6 0.148 40.3 2.5 15.827 2.11 260 3.00 40.55 39.20 8.6 LEG
SDSS J155700.17+413111.1 0.085 140.0 25.7 17.607 1.76 139 3.22 40.57 39.69 7.5 LEG
SDSS J155852.66+262618.9 0.087 52.0 20.0 14.601 1.98 282 2.98 40.17 39.61 8.7LEG
SDSS J160909.44+162549.9 0.143 88.7 2.8 15.598 1.96 297 3.13 40.86 39.21 8.8 LEG
SDSS J161057.11+032202.8 0.119 109.1 6.2 16.508 2.00 229 3.31 40.78 39.39 8.4LEG
SDSS J162046.64+430911.4 0.134 35.9 7.7 15.550 2.02 293 2.86 40.41 39.59 8.8 LEG
SDSS J163604.21+271829.0 0.134 363.0 15.4 16.051 1.99 263 3.01 41.41 39.89 8.6 LEG
SDSS J164857.35+260441.1 0.137 137.7 19.6 17.877 1.94 178 3.18 41.01 40.02 7.9 LEG
SDSS J164924.01+263502.6 0.055 146.0 47.4 14.537 1.92 223 2.76 40.19 39.55 8.3 LEG
SDSS J165847.14+625624.6 0.106 258.0 28.4 16.410 1.80 175 3.01 41.05 39.94 7.9 LEG
SDSS J214801.27−082527.5 0.135 88.0 2.7 16.564 2.05 189 3.43 40.80 39.14 8.0 LEG

Continued on Next Page
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Table 1 – Continued

z NVSS [O III] mr Dn σ∗ Cr νLr L[O III] MBH Class
SDSS J231542.10−002607.0 0.091 45.0 30.5 16.136 1.95 280 3.43 40.14 39.83 8.7LEG
SDSS J232710.69−004157.8 0.099 223.0 80.4 16.043 1.64 223 3.04 40.92 40.33 8.3 LEG

Column description: (1) source name; (2) redshift; (3) NVSS1.4 GHz flux density [mJy]; (4) [O III] flux [in 10−17 erg cm−2 s−1

units]; (5) SDSS DR7 r band AB magnitude; (6) concentration indexCr; (7) Dn(4000) index; (8) stellar velocity dispersion [ km s−1];
(9) logarithm of the radio luminosity [erg s−1]; (10) logarithm of the [O III] line luminosity [erg s−1]; (11) logarithm of the black
hole mass [in solar units]; (12) spectroscopic class.
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Appendix A: FIRST images of the FRIICAT sources.
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Fig. A.1. Images of the FR IIs selected. Contours are drawn starting from 0.45 mJy/beam and increase with a geometric progression
with a common ratio of

√
2. The field of view is 3’×3’ in most cases, except for those marked with a ’X2’ at the top; the red tick

at the bottom is 30′′ long. The blue circle is centered on the host galaxy and has a radius of 30 kpc. The source ID and redshift are
reported in the upper corners.
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Fig. A.2. (continued)12



Fig. A.2. (continued) 13



Fig. A.2. (continued)14



Fig. A.2. (continued) 15



Fig. A.2. (continued)16



Fig. A.2. (continued) 17



Fig. A.2. (continued)18



Fig. A.2. (continued) 19



Fig. A.2. (continued)20



Fig. A.2. (continued)
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