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ABSTRACT

We built a catalog of 122 FR Il radio galaxies, called FRAIT, selected from a published sample obtained by combining observations
from the NVSS, FIRST, and SDSS surveys. The catalog includesesowith redshiftc 0.15, an edge-brightened radio morphology,
and those with at least one of the emission peaks located at raldigger than 30 kpc from the center of the host.

The radio luminosity at 1.4 GHz of the FRIAT sources covers the rangig, ~ 10°°° — 10°2° ergs®. The FRIICAT catalog has
90% of low and 10% of high excitation galaxies (LEGs and HEGS), reyadgtiThe properties of these two classes are significantly
different. The FRICAT LEGs are mostly luminous0 > M; > —24), red early-type galaxies with black hole masses in the range
10° < Mgy < 10°M,; they are essentially indistinguishable from the FR Is belonging to th€ ARIThe HEG FR Ils are associated
with optically bluer and mid-IR redder hosts than the LEG FR lIs and to galae black holes that are smaller, on average, by a
factor~2.

FR lls have a factor 3 higher average radio luminosity than FR Is. Nonetheless, ma30©6) of the selected FR lIs have a radio
power that is lower, by as much as a factor~df00, than the transition value between FR Is and FR lIs found in the 3Clsamp
The correspondence between the morphological classification of RR FR Il and the separation in radio power disappears when
including sources selected at low radio flux thresholds, which is in line wéhipus results. In conclusion, a radio source produced
by a low power jet can be edge brightened or edge darkened, andttwenmuis not related to fierences in the optical properties of
the host galaxy.
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1. Introduction nent broad lines, they are observed~in30% of HEGSs; nar-

i _ _ .. . row emission lines are a facter 10 brighter in HEGs than in
Fanardf & Riley (1974) introduced the first classification| EGs at the same radio luminosity. Also, HEGs show bluer col-
schem_e for extragalactic radio sources with large-scal&e-st 55 than LEGs (Smalé[2009)/ Baldi & Capetti (2008) identify
tures (|._e., greater thayl5-20 kp(_: in size) _based on the ra‘ﬁpR compact knots in the UV images of 3C HEG radio galaxies, a
of the distance between the regions of highest surfacettegh 1\orphological evidence of recent star formation extendivey
on opposite sides of the central host galaxy to the totahexte 5_20 kpc; conversely, LEGs hosts are usually red, passive-gala
the source up to the onvest brightness contour in the rad_+0 IRs. These results suggest that the radio galaxies belprigin
ages. Radio sources wilRkr <0.5 were placed in Class | (i.e.,the two spectroscopic classes correspondfieint manifesta-
the edge-darkened FR Is) and sources Wtk >0.5 in Class Il {jon of the radio loud AGN phenomendn (Hardcastle &t al. 2007
(i.e., the edge-brightened FR lIs). This morphology-bades- Buttiglione et all 2010; Best & Heckmian 2012).

sification scheme was found to be linked to their intrinsia/pg Th t multi lenath | .
Fanardf and Riley found that all sources in their sample with [u-__,' N€ récént multiwaveiength large-areéa Ssurveys are a unique

minosity at 178 MHz smaller thand(? W Hz-* sr? (for a tool to further explore the connection between the morpgielo

Hubble constant of 50 kns Mpc1) were classified as FR | cal and spectroscopic classes of radio galaxies, proviginvgth

while the brighter sources all were FR Il. The Iuminosity-dislarg.e. samples of radio emitting AGN extending to lower lumi-
sities than in previous studies.

tinction between FR classes is fairly sharp at 178 MHz; theiP

separation is even cleaner in an optical-radio luminosiang, In [Capetti et al. (2017) we created a catalog of 219 edge-
implying that the FR/FR Il dichotomy depends on both opticaldarkened FR | radio galaxies called FFAT. We found that
and radio luminosity (Ledlow & Owén 1996). the FRICAT hosts are remarkably homogeneous, as they are all

The two Fanarfi-Riley classes do not instead correspond #§minous red early-type galaxies (ETGs) with large blacleho
a division from the point of view of the optical spectrosaopiMasses and spectroscopically classified as LEGs. All thege p

properties of their host$. Laing eflal. (1994) defined low arfftiés are shared by the hosts of more powerful FR Is in the 3C
high excitation galaxies (LEGs and HEGs) based on the @@mple. They do not show significantférences from the point
tios of the diagnostic optical emission lines in a scheme sirff View of their colors with respect to the general populatis

ilar to that adopted to distinguish LINERs and Seyferts in rdNassive ETGs. The presence of an active nucleus (and its leve
dio quiet AGN (Kewley et di. 2006). While all FR Is for which©f activity) does not appear tdfact the hosts of FR Is.

a reliable classification can be obtained are LEGs, both LEGs We now extend this study to the population of edge-
and HEGs are found among the FR lIs (el.g., Buttiglione et &rightened FR Il radio galaxies with the main aim of compar-
2010). Buttiglione et al. find that LEGs and HEGs alsffati ing the properties of FR Is and FR lIs by also consideringrthei
from other points of view. While LEGs do not show promispectroscopic classification.



This paper is organized as follows. In Sect. 2 we present tB®SS database. For sake of clarity, uncertainties are atrsh
selection criteria of the sample of FR llIs. The radio andaati in the table; we estimated a median uncertainty of 0.0€gof
properties of the selected sources are presented in S&ec8. 0.03 on Dn(4000), of 0.005 magnitudesmyn and of 10 kms*

4 is devoted to results and conclusions. on o.. We also list the resulting radio and line luminosity and

Throughout the paper we adopt the same cosmology pardime black hole masses estimated from the stellar velocsiyeatt
eters used in Capetti etlal. (2017), ildg = 67.8kmstMpc™, sion and the relatioor, — Mgy of Tremaine et al. (2002). The
Qu = 0308, andQ, = 0.692 [(Planck Collaboration etlal. uncertainty in theMgy value is dominated by the spread of the
2016). relation used (rather than by the errors in the measurenaénts

For our numerical results, we use c.g.s. units unless stateg resulting in an uncertainty of a facter2. Finally, we give
otherwise. Spectral indicesare defined in the usual conventiorthe classification (from BH12) into LEGs and HEGs based on
on the flux densityS, « v~®. The SDSS magnitudes are in théhe optical emission line ratios in their SDSS spectra.

AB system and are corrected for the Galactic extinctMhSE

magnitudes are instead in the Vega system and are not carect ] )

for extinction since, as shown by, for example, D’Abruscaléet 3- FRIICAT hosts and radio properties

(2014), such correctionfizcts mostly the magnitude at 34n :

of sources lying at low Galactic latitudes (and by less thagp), o+ HOSIS properties

The majority (107) of the selected FR lIs are classified as LEG

) but there are also 14 HEG and just one source that cannotse cla

2. Sample selection sified spectroscopically because of the lack of emissiosslin

We searched for FR Il radio galaxies in the sample of 18,286mely J14462142. _
radio sources built by Best & Heckman (2012; hereafter the The distribution of absolute magnltud_e of the FRAT hosts
BH12 sample) by limiting our search to the subsample of o9Vers the range20 > M; > —24 (see Figl11, left panel). The
jects in which, according to these authors, the radio emi@stribution of black hole masses (FIg. 1, right panel) ithea
sion is produced by an active nucleus. They cross-matchH¥@ad- Most sources have08s log Mey s 9.0M,, but a tail
the optical spectroscopic catalogs produced by the graap frtoward smaller values, down fdgy ~ 10°°Mo, that includes
the Max Planck Institute for Astrophysics and Johns Hopkirs 15% (13 LEGs and 4 HEGs) of the sample.
University (Brinchmann et dl. 2004; Tremonti etlal. 20043dxh The FR Il HEGs are less luminous, overall, and harbor less
on data from the data release 7 of the Sloan Digital SKpassive bIapk .hol'es Wlth respect to the FR Il LEGs; the me-
Survey (DR7SDSS{ Abazajian et 5. 200@)with the National dians of their distributions are M;(HEG) >= -21.97 + 0.17,
Radio Astronomy Observatory Very Large Array Sky Surve§ Mr(LEG) >= -22.62+0.06, < log Men(HEG) >= 8.21+0.11,
(NVSS:[Condon et al. 1998) and the Faint Images of the Radid < 109 Men(LEG) >= 8.46 + 0.04, respectively. The com-
Sky at Twenty centimeters survey (FIRST, Becker ét al. 199Barison between the FRIAT LEG sources and the FRAT
Helfand et all 2015) adopting a radio flux density limit of 5ymJnosts & Mi(FR ) >= 2269 + 0.03 and< logMgn(FR 1) >=
in the NVSS. We focused on the sources with redshifto.15.  8-55+0.02) indicates that only marginalfiérences (and not sta-
We adopted a purely morphological classification based 8_ﬁtlc_ally_ significant) are present between the median$hes$ée
the radio structure shown by the FIRST images. We visualy ifistributions. o _ .
spected the FIRST images of each source and preserved thosd "€ Dn(4000) spectroscopic index, defined according to
with an edge brightened morphology in which at least oneef tBalogh et al.[(1999) as the ratio between the flux density mea-
emission peaks lies at a distance of at least 30 kpc from tie c&ured on the red side and blue side of the Ca Il break, is an in-
ter of the optical host. The 30 kpc radius corresponds‘td fdr ~ dicator of the presence of young stars or of nonstellar eamiss
the farthest objects; the < 0.15 redshift limit ensures that all LOW redshift ¢ < 0.1) red galaxies have Dn(4009)1.98+ 0.05,
the selected sources are well resolved with theesolution of Whichis avalue that decreases+d.95+0.05 for01 < z< 0.15
the FIRST images. The three authors performed this analysisgalaxies/(Capetti & Raiteri 2015). _ _
dependently and we included only the sources for which a FR || The concentration indef;, which is defined as the ratio
classification is proposed by at least two of us. We allowed f8f the radii including 90% and 50% of the light in theband,
the presence of fiuse emission leading to X-, Z-, or C-shape&an be used for a mor_phologlcal_cIaSS|f|cat|on of galaxies, i
morphologies, but not extending at larger distances witheet Which early-type galaxies have higher values®fthan late-
to the emission peaks, thus excluding wide angle tail ssurd¥P€ galaxies. Two thresholds have been suggested to define
(Owen & Rudnick 1976). Most of these sources are double, i ETGS: @ more conservative value@tz 2.86 (Nakamura et al.
they do not show nuclear radio emission; the lack of this prd203;Shen etal. 2003) and a more relaxed selecti@h at2.6

cise position reference requires a further check of theimalg (Strateva etal. 2001; Kdiimann et al! 2003; Bell et al. 2003).
optical identifications. We discarded three objects in Wwittee Bernardi et al.(2010) found that the second threshold oédine

identification of the host is not secure. centration index corresponds to a mix of &0+ Sa types, while
The resulting sample, to which we refer as FGAT, is the first mainly selects ellipticals galaxies, removing thejor-
formed by 122 FR Ils whose FIRST images are presented in #f0f Sas, but also some Es and SOs.
Appendix. Their main properties are presented in Table &revh N Fig. [d we show the concentration ind€x versus the
we report the SDSS name, redshift, and NVSS 1.4 GHz fli3n(4000) index (left panel) for the FRDIAT sources. More than
density (from BH12). The [O III] line flux, the r-band SDSS AB~90% of the LEG FR Il hosts lie in the region of high and
magnitudey, the Dn(4000) index (see Section 3 for its definiPn(4000) values, indicating that they are red ETGs. The HEG
tion), and the stellar velocity dispersion are instead from the FR Il are still ETGs, but they show generally lower values of
MPA-JHU DRY release of spectrum measurements. The concBff(4000).

tration indexC, was obtained for each source directly from the We also consider the-r color of the galaxies, obtained from
SDSS imaging and thus referred to the whole galaxy rather tha

1 Available athttp://www.mpa-garching.mpg.de/SDSS/} just the 3 circular region covered by the SDSS spectroscopic



http://www.mpa-garching.mpg.de/SDSS/

aperture. In Fid.12 (central panel) we show ther color versus effect already found in the 3C sample (Buttiglione et al. 2010).
the absolute r-band magnitutik of the hosts. As already found The HEGs in FRICAT are mostly located above the correlation
by considering the Dn(4000) index, the FR 1l HEGs show bluelefined by the 3C HEGs. A linear fit including both samples is
color than the FR Il LEGs; in this latter class, only two sasc indeed shallower (with a slope of 0.91) than that obtainethfr
have au — r color that is smaller than the threshold separatirthe 3C sources alone (whose slope is 1.15).

red and blue ETGs (Schawinski etlal. 2009).

In Fig. [@, right panel, we show the comparison of th
WISE mid-IR colors of FRICAT and FRICAT sources; the
associations with th&VISE catalog are computed by adopt-As discussed in Sect. 2, we decided to maintain the tradition
ing a 3 search radius_(D’Abrusco etial. 2013). All but onenorphological visual classification into edge-brighte@llis
of the (J11235344) FRIICAT sources have 8MSE counter- and edge-darkened FR Is rather than adopting quantitate-m
part, but 25 of these sources are undetected inf3eband. ods such as those used by Lin et al. (2010). The comparison
The LEG FR lIs have mid-IR colors similar to those of thef our classification with that proposed by these authors ind
FRICAT sources; their mid-IR emission is dominated by thegates that, among the 96 sources in commen30% of the
host galaxies since they fall in the same region of elliptiedax- FRIICAT sources are classified as claa their nomenclature,
ies (Wright et all 2010). Only five LEGs haW¥2 — W3 > 2.5, i.e., sources with two hot spots on either side of the galsbogt
exceeding the highest value measured for FR Is. of the remaining objects fall in cladg in which the emission

Conversely, HEGs reach mid-IR colors as high\@& — peak is coincident with the host galaxy; however, the inspec
W3=4.3, colors similar to those of Seyfert and starburst gakxiof these FR |l radio sources does not show any clear dissihgui
(e.g., Stern et al. 2005). Their red colors are likely duedom- ing feature from those in the main class, other than having a
bination of star-forming regions afat emission from hot dust relatively brighter central source in addition to the twbés.
within a circumnuclear dusty torus. The main drawback of our scheme, based on the subjective

Overall, we found 10 LEG FR lIs whose properties do natisual inspection of radio images, is the relatively highcfr
conform with the general behavior of their class, for exampltion of sources of uncertain classification. The rathectstriite-
showing blue colors or being associated with small blaclke$wol ria adopted for a positive classification as FR | in Capetgilet
In some cases, this is due to relatively large errors paatilyu  (2017) and here for the FR Il enabled us to select only 219 FR Is
in the measurement af,, a possible uncertain identificationand 122 FR II; more than half of the 714 radio galaxies extdnde
of their spectroscopic class, or a substantial contribufiom more than 30 kpc cannot be allocated to any FR class. On the
a bright nonthermal nucleus. However, there are three tshjeother hand, this strategy allows us to select samples thaieay
(namely J07555204, J11583006, and J12262538) for which uniform from a morphological point of view and that are opti-
we obtain estimates of the black hole mass ofNag, ~ 6.5~ mally suited for our main purpose, i.e., the comparison ef th
6.8; based on thei€; value these objects are late-type galaxigsroperties of the two classes.
and two of them also show blue optical colors (and red mid-IR More recently, Miraghaei & Best (2017) performed an anal-
colors). These properties are all typical of radio quiet AGNis  ysis on the same initial sample, with an apparently simidec
contrasts with the observed radio power (lbg ~ 40.5 - 40.9) tion strategy based on visual inspection. However, theltirgu
and morphology. sample of both FR | and FR II fler significantly from those

we obtained with only~ 25% of objects in common for both
classes, even restricting the comparison to the same range o

8.3 Comparison with previous works

3.2. Radio properties redshift, 003 < z < 0.15. This mismatch is likely due to the
The radio luminosity at 1.4 GHz of the FRIAT covers the different requirements (based, e.g., on linear instead of angul
rangelLis = vl ~ 10%95 — 105 ergs? (Fig.[3, left panel), Sizes and dferent radio flux limits); most importantly they con-

reaching a radio power almost two orders of magnitude lowgidered only sources corresponding to multicomponentsot;

than the FR Ils in the 3C sample. The HEGs are brighter thfhFIRST and this rejects most of the edge darkened sources we

LEGs (with median of lod,s = 4137 and 40.76, respec_mcluded in FRCAT. Overall, thelrr_esults_do not stronglyftér

tively) and LEGs are brighter than the RRAT sources by a fro_m ours, probabl.y because (leaving aside the HEGS) the pro

factor ~3; 90% of the FRICAT fall below the separation be- €rties of low z radio AGN are very homogeneous regardless of

tween FR Is and FR lIs originally reported by Farfa@Riley their radio morphology. However, for example, we do not find

(1974) which translates, with our adopted cosmology andsby Ssignificative diferences in th€, values between FRI and FRII

suming a spectral index of 0.7 between 178 MHz and 1.4 GHStS.

into Ly4 ~ 10*% ergs?. Similarly, we find that~75% of the

FRIICAT sources (and including also four HEGs) are locategl Discussion and conclusions

belowthe dividing line in the optical-radio luminosity plane de- )

fined by Ledlow & Oweh((1996];see Fig. 3, right panel. The properties of_ the FROAT sources dter between those
FR Ils show a large spread in both radio and [O Il] linéPectroscopically identified as LEGs or HEGs. The HEGs have

luminosities (see Figl4). In this plane, the FR Il LEGs covdPwer optical luminosities, smaller black hole masses tagher

essentially the same region of the FR Is with just a tail talvafadio luminosities with respect to LEGs, although a suligian

higher power both in line and in radio; no correlation is sefyerlap between the two classes exist for all these quesitifihe

between these two quantities. The FR | HEGs generally hagiearest dierences are related to the ratio between line and ra-

and redder in the mid-IR. These results confirm the conahssio

2 We shifted the dividing line to the right of the diagram to includ®f Previous studies (e.q., Baldi & Capetti 2008; Buttigkoet al.
a correction of 0.12 mag to scale our total host magnitude to the M'2010] Baldi & Capetti 2010; Best & Heckman 2012).
used by these authors, and an additional 0.22 mag to convert the CousinT he population of the LEG FR llIs included in the FRAT
system into the SDSS system (Fukugita et al. 1996). is remarkably uniform. They are all luminous red ETGs with
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large black hole masse#/gy = 10°My); only ~ 10% of the
LEG FR lIs depart from this general description. Allthesegpr 7m0 T T T PR
erties are shared with the hosts of the ERT sources. The dis- 43
tributions of Mgy and M, differ with a statistical significance
higher than 95% according to the Kolmogfr&mirnov test;
this is due to the presence of a tail of &gy sources, reaching
value as low as:81PM,. However, the median d¥lgy andM;
differ only marginally by less than 0.1 dex. Even the median ra-
dio luminosity of LEG FR Il is just a factor3 higher than that
measured in FR |. Apparently, thefidirence in radio morphol-
ogy between edge-brightened and edge-darkened radioesourc
does not translate into a clear separation between thearusie
host properties, while the spectroscopic classes, LEG &fd,H
do.
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The FRIICAT sample unveils a population of FR IIs of much L e
lower radio power with respect to those obtained at highoradi 40 41 42 43
flux thresholds, extending it downward by two orders of mag- log Ly, [erg s7']
nitude. The correspondence of the morphological clastiica
of FR I and FR Il with a separation in radio power that is obFig. 4. Radio (NVSS) vs. [O IlI] line luminosity of the FRGAT
served, for example, in the 3C sample, disappears. Thidwwongblack), FRICAT (red), 3C-FR | (green), and 3C-FR Il samples
sion is in line with previous results (Best 2009; Lin etial100 (blue) The green line (blue) shows the linear correlatidwben
Wing & Blanton 2011). A radio source produced by a low powehese two quantities derived from the FR Is (FR IlIs) of the 3C
jet can be edge brightened or edge darkened and the outcomgaisple from/(Buttiglione et &l. 2010). The dashed blue-diyen
not due to diferences in the optical properties of the host galaxig instead the linear fit on both the 3C and the RRAT HEGs.
Nonetheless, Capetti etlal. (2017) find that the connection
between radio morphology and host properties is preserved i _
FR Is; there is a WeII-defined. threshold of radio power aboﬁ%nggz E:: m:g:g: ,E Eigg::ﬁ:: :: 2:: 38}2: ﬁgjg:ﬁ
which an edge darkened radio source does not form and tRigardr, B. L. & Riley, J. M. 1974, MNRAS, 167, 31P
limit has a strong positive dependence on the host lumipnosifukugita, M., Ichikawa, T., Gunn, J. E., et al. 1996, AJ, 11748
This efect was originally seen by Ledlow & Oweh (1996) buEalf]fiC%S“S,I]V'- \‘/]\}hl'%valgs,LD. Qé&kcmséo':_" Jégisztl??j '\g’(\)'fﬂz? 1849
partly lost in subsequent studies; we believe that we recbve, - o e Ll S P T o 2003, MNRAS, B,
EEC?USG of the stricter criteria we adopted for the seledfo yewiey, L. 3., Groves, B., Katmann, G., & Heckman, T. 2006, MNRAS, 372,
s. 961
It can be envisaged that brighter galaxies are associatad wiing, R. A., Jenkins, C. R., Wall, J. V., & Unger, S. W. 1994 Astronomical
denser and more extended hot coronae that are able to disrugeciety of the Pacific Conference Series, Vol. 54, The PhysfcActive
- - alaxies, ed. G. V. Bicknell, M. A. Dopita, & P. J. Quinn, 201
more powerfuljets.. But'the'large population of Iow'power FR 1 Lediow, M. J. & Owen, F. N. 1996, AJ 112, 0
indicates that the situation is more complex; there is a&lak@r- Lin, Y.-T., Shen, Y., Strauss, M. A., Richards, G. T., & Lum&. 2010, ApJ,
lap of radio power between FR Is and FR lls and radio power is723, 1119
believed to be a robust proxy for the jet power (e.g., Wilkdtal. Miraghaei, H. & Best, P. N. 2017, MNRAS
akamura, O., Fukugita, M., Yasuda, N., et al. 2003, AJ, 18821

1999; Brzan et al. 2004). Apparently, jets of the same power egwen F. N. & Rudnick, L. 1076, ApJ. 205, L1

panding in similar galaxies can form both FR | and FR Il. Thi§|anck Collavoration, Ade, P. A. R., Aghanim, N., et al. 2048A, 594, A13
indicates that the optical properties of the host and raghoi1  schawinski, K., Lintott, C., Thomas, D., et al. 2009, MNRASF3818

nosity are not the only parameters driving the evolutionowf | Shen, S., Mo, H. J., White, S. D. M., et al. 2003, MNRAS, 343, 978

ower radio sources. Further studies of, for example, thiays- SMOEiC, V. 2009, ApJ, 699, L43
P . - P ys Stern, D., Eisenhardt, P., Gorjian, V., et al. 2005, ApJ,, d&B
properties and the larger scale environment are neededrttycl g aicva’| 1ves 7. Knapp, G. R., et al. 2001, AJ, 122, 1861
this issue. Tremaine, S., Gebhardt, K., Bender, R., et al. 2002, ApJ, B4@,
Tremonti, C. A., Heckman, T. M., Kdimann, G., et al. 2004, ApJ, 613, 898
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Table 1. Properties of the FRTAT sources.

Z NVSS [O |||] me Dn (oM C vL, L[o 1 Mgy Class
SDSS J001247.5004715.8 0.148 58.6 115 16.352 2.07 263 299 40.72 39.86 886G
SDSS J002107.62005531.4 0.108 111.9 3.3 15351 199 250 3.17 40.70 39.02 &BG
SDSS J004326.8105421.8 0.127 823 176.6 15.834 192 247 292 40.72 40905 &EG
SDSS J004404.68)10152.9 0.112 366.0 126.1 16.426 1.78 219 3.48 41.24 40.643 8&EG
SDSS J011830.65104356.4 0.126 56.3 70 16.681 183 224 290 4054 39.49 8.8G L
SDSS J024558.54064900.6 0.139  102.0 44 16.318 186 261 3.06 40.89 39.38 8EBG
SDSS J075221.83833348.9 0.140 66.0 — 16.458 195 269 3.31 40.71 — 8.6 LEG
SDSS J075529.9520450.6  0.140 99.4 45 17.835 1.42 81 233 40.89 39.39 6.6G LE
SDSS J075628.46%01716.3 0.134  165.0 46.8 15.844 193 296 2.75 41.07 40.378 8&EG
SDSS J080107.1975849.7 0.140 847.0 9.7 17417 157 161 285 4182 39.73 LEG
SDSS J080158.09175152.6  0.147 16.9 18.8 16.715 199 258 3.24 40.16 40.06 &B6G
SDSS J080535.0240950.3 0.060 4781.0 2791.1 15.376 1.68 205 3.26 41.78 041.48.2 HEG
SDSS J081343.6525738.2 0.138  194.6 9.7 16.116 198 250 2.80 41.17 39.72 886G
SDSS J081512.33384045.4 0.125 487.8 11.6 17127 188 333 275 4148 39.710 9QEG
SDSS J081734.46145850.8 0.142 135.6 6.0 17.032 198 234 3.28 41.04 39.54 8EBG
SDSS J082247.6341750.0 0.095 132.0 13.7 15666 194 248 3.27 40.65 39.535 &EG
SDSS J083109.54414738.1 0.132 155.0 10.2 16.211 2.01 236 3.28 41.03 39.704 &EG
SDSS J083112.1%134158.4 0.111 121.0 20.4 15.170 1.84 275 3.07 40.76 39847 8&EG
SDSS J084529.64421952.9 0.133 201.0 42.0 16.857 1.79 230 3.13 41.15 40.324 8EG
SDSS J084759.0814708.3 0.067 1647.0 67.7 13.735 2.02 338 295 41.43 39.90.0 9QEG
SDSS J090150.3555527.4 0.141 638.0 285 17.372 185 191 3.00 41.70 40.211 &EG
SDSS J091153.61372413.3 0.104 596.4 50.0 14908 195 301 287 4139 40.178 8&EG
SDSS J091225.6634139.1 0.101 204.1 216 16.181 1.77 183 3.00 40.89 39.770 8&EG
SDSS J091445.53113714.2  0.140 449.0 269.1 15371 182 300 2.68 4155 41188 &EG
SDSS J091948.45%75055.9 0.137 11.5 151 16.879 194 261 3.21 39.93 39.90 3B6G
SDSS J092611.26170357.9 0.116 163.3 80.6 15972 193 233 344 40.93 40484 8&EG
SDSS J093215.91180419.9 0.147 57.0 9.7 16.324 2.00 271 3.41 40.70 39.78 8.EG L
SDSS J093641.9911350.9 0.120 48.3 2.6 16.457 196 298 3.44 40.43 39.02 8.&8G L
SDSS J094124.02894441.8 0.108 1811.0 1382.7 16.125 1.60 209 3.06 4190 441.68.2 HEG
SDSS J094201.%48€84736.8 0.134 97.6 16.6 16.092 193 292 3.15 40.84 39.93 8.BG
SDSS J094703.6231614.2 0.084 30.8 21.7 15923 193 234 3.18 39.90 39.61 8EG
SDSS J095640.7000124.0 0.139 166.0 43.4 16.259 2.04 265 293 41.11 40386 8&EG
SDSS J101558.24104647.2 0.128 1009.0 169 16.392 191 236 340 4181 39.894 8&EG
SDSS J101954.4893022.8 0.112 52.0 0.4 16.433 1.86 227 3.22 40.40 38.13 8.EG L
SDSS J102150.3880833.8 0.103 585.7 158 15.211 190 253 299 4138 39.665 &EG
SDSS J102156.67144331.4 0.111 412.0 1110.3 15956 160 193 3.05 41.29 41581 HEG
SDSS J102237.46883444.9 0.052 117.4 40.8 13935 196 268 3.01 40.05 39446 8EG
SDSS J103128.22084324.1 0.141 347.7 10.2 15.871 197 229 292 4144 39.764 8&EG
SDSS J103443.26)53319.8 0.141 167.1 28 16.015 203 279 3.30 41.12 39.19 &EG
SDSS J103602.94625936.1 0.142 30.1 350.0 17.456 159 170 3.09 40.39 41318 HEG
SDSS J104502.4471759.1 0.145 76.2 174 16.381 198 289 3.32 40.81 40.02 i (€]
SDSS J104632.2543559.7 0.145 279.0 938.6 17400 144 302 3.33 4137 41.758 B8EG
SDSS J104742.83134652.7 0.086 104.0 17.6 15.137 2.01 230 297 4045 39544 8&EG
SDSS J105052.4400050.7 0.129 147.0 79.7 16.833 1.83 204 3.20 40.99 40572 8&EG
SDSS J105439.58960630.7 0.135 58.7 3.8 16.442 194 226 3.38 40.63 39.29 8.EG L
SDSS J110035.68253911.0 0.145 242.0 41.0 17.027 195 228 3.20 4131 40.394 8EG
SDSS J110151.89164038.6 0.069 699.0 188.9 15.8901 193 226 3.23 41.08 40.37.3 8&EG
SDSS J110214.13342954.7 0.144 108.0 19.7 16.038 194 282 3.31 4095 40.077 &EG
SDSS J110214.9°234111.9 0.146 29.0 6.3 17.111 190 184 3.11 40.39 39.58 8.6G L
SDSS J110215.6890725.2 0.106 145.6  402.7 15429 151 219 3.08 40.79 41.093 8EG
SDSS J110253.98.25904.0 0.140 82.0 16.6 15999 196 253 3.04 40.81 39.97 886G
SDSS J111317.9412429.3 0.095 115.2 58 15340 194 202 299 4059 39.14 &EG
SDSS J112126.44634456.7 0.104 83.0 16.8 15.175 190 215 2.83 4053 39.69 8BG
SDSS J113133.5604727.9 0.145 19.0 109 17294 191 190 294 40.20 39.81 388G
SDSS J113626.3%01323.7 0.054 41.0 7.8 15280 191 173 3.19 39.63 38.76 7.2G L
SDSS J114427.4870831.8 0.115 2012.0 154.7 16.341 187 225 352 4201 40.783 LEG
SDSS J114428.3#035815.7 0.127 75.6 8.3 16408 185 248 3.14 40.68 39.57 8EG L
SDSS J114432.9213217.0 0.109 35.3 248 16.183 197 263 3.21 40.21 39.91 &B6G
SDSS J114525.98)22332.9 0.128 46.8 10.2 16.648 192 248 294 40.48 39.67 886G
SDSS J114948.11435412.6 0.071 58.0 175 15898 196 229 3.37 40.02 39.36 3E8G

Continued on Next Page



Table 1 — Continued

4 NVSS [O |||] my Dn T C vL, L[o 1 Mgy Class
SDSS J115358.8093929.8 0.103  672.0 16.4 15211 199 267 3.07 4143 39.676 &EG
SDSS J115525.4253222.4 0.137 26.1 41 17.009 199 263 3.15 40.29 39.34 8.6G L
SDSS J115812.9600625.9 0.139  106.7 7.1 17165 1.72 96 1.99 4091 39.59 6.8G L
SDSS J115820.3262112.0 0.112 1142.0 42.8 16.813 1.86 198 3.18 41.74 40.171 &EG
SDSS J120732.9835240.1 0.079 480.7 2148.6 15.175 1.34 192 275 41.04 41581 HEG
SDSS J122052.45813308.4 0.104 60.3 15,8 16.179 196 241 3.18 40.39 39.67 886G
SDSS J122640.2253855.5 0.134 44.3 122 17.490 1.25 76 1.89 40.50 39.80 6.EG L
SDSS J124021.98165636.3 0.141  135.5 145 17121 185 175 3.27 4103 39929 1EG
SDSS J125222.61031554.0 0.099  919.0 229 15489 198 246 3.04 4153 39.785 &EG
SDSS J125303.1450044.8 0.078  472.0 23.7 14659 197 253 290 41.02 39575 8&EG
SDSS J131509.84084053.3 0.093 869.0 111.7 16.504 182 219 3.28 4145 40413 8EG
SDSS J131904.14693834.8 0.073 1467.0 415 15.036 1.87 202 3.17 4145 39.76.2 &EG
SDSS J132117.8423515.2 0.079 1985.0 259.8 15.883 146 176 254 41.66 40.639 HEG
SDSS J132848.4875227.8 0.091 207.0 927.0 16.711 142 177 3.37 40.81 41319 HEG
SDSS J133453.38913238.5 0.087 22.0 16,9 17369 181 132 2.86 39.79 39.53 T1EG
SDSS J133729.2481820.5 0.119 69.0 24 16.285 189 234 3.04 4058 38.97 8.EG L
SDSS J133742.3894223.2 0.115 219.0 212 15222 205 269 3.01 4105 39896 &EG
SDSS J134134.8%34443.7 0.141 1118.0 2419 16.677 159 240 3.23 4195 41.184 HEG
SDSS J134503.6:094724.0 0.130 73.0 8.3 16.239 192 242 3.04 40.69 39.60 8&G L
SDSS J134532.4954610.4 0.125 81.0 52 16.231 193 239 341 40.69 39.35 8.EG L
SDSS J135117.8640936.9 0.109 39.3 119 16.632 189 165 3.14 40.26 39.59 1BG
SDSS J135124.5985216.4 0.136 88.0 58 15656 201 298 3.06 40.81 39.48 8.8G L
SDSS J135432.9681436.1  0.065 84.0 22.8 15.150 2.06 221 3.28 40.10 39.39 8BG
SDSS J135526.2852544.1 0.108 53.0 18.1 15911 191 205 3.27 40.37 39.76 3 EG
SDSS J141231.46140041.0 0.140 46.9 56 16.113 201 305 3.24 4056 39.49 8.€G L
SDSS J141247.4945431.5 0.136 36.3 10.3 16401 190 233 3.16 4042 39.73 3 EG
SDSS J141527.22172431.1 0.124 9.8 3.3 16.063 2.00 313 346 39.77 39.16 8.9G LE
SDSS J142341.4450149.2 0.146 28.8 3.8 16.773 200 263 3.00 40.39 39.36 8.6G L
SDSS J142557.08392444.9 0.143 27.0 39.1 16.752 1.71 220 3.01 40.34 40.36 8BG
SDSS J143010.5304428.3 0.129 49.4 55 16.095 195 211 296 4051 3941 8.EG L
SDSS J143715.6244532.2 0.086  151.6 294 16.267 194 210 3.35 4062 39.762 8&EG
SDSS J144625.43214209.8 0.112 7.6 12.7 15465 198 264 3.31 39.57 39.64 8.6
SDSS J144626.1863359.1 0.063 64.1 16.4 15877 195 168 293 39.95 39.22 1BG
SDSS J144948.9835126.8 0.088 116.0 51 16.074 1.83 223 355 4052 39.02 8BG
SDSS J145423.48162119.0 0.045 1489.0 60.5 13.245 2.01 304 3.09 41.03 39.499 8&EG
SDSS J145752.4611809.5 0.122  105.2 9.7 16.031 2.03 247 3.24 40.79 39.61 886G
SDSS J145753.81283218.7 0.144 930.0 9904 16.214 163 232 2.84 4189 41.774 8EG
SDSS J150031.4862849.8 0.093 59.7 52.1 15,543 192 260 3.10 40.28 40.08 8EBG
SDSS J150146.5243916.0 0.120 108.3 222 15263 192 261 277 40.78 39.956 &EG
SDSS J150827.3541507.4 0.096 25.7 205 16.156 1.62 187 3.19 39.95 39.71 88G
SDSS J151247.18914423.3 0.146  120.0 21485 17.461 1.04 110 254 4101 42121 HEG
SDSS J151414.68232708.4 0.088  232.7 154 15449 206 238 3.27 4082 39504 8&EG
SDSS J151423.211130.7 0.125 54.0 — 16.709 197 189 283 40.52 — 8.0 LEG
SDSS J151454.6:420047.3 0.135 177.0 18.8 15346 198 315 3.17 4110 39999 8&EG
SDSS J151639.4824712.6 0.110 131.0 241 15491 188 273 3.16 40.78 39907 8&EG
SDSS J151640.2001501.9 0.053 2722.0 1286.6 14.855 1.31 293 3.27 41.43 540.98.8 LEG
SDSS J152245.61194220.3 0.109 86.7 42.3 16.368 153 209 3.10 40.60 40.14 3 EG
SDSS J152257.38€25512.1  0.110 29.4 1.8 16.084 2.13 213 251 40.14 38.77 8.EG L
SDSS J153007.9€31616.0 0.090 236.0 250 15.103 2.09 287 3.00 4085 39.738 8&EG
SDSS J154042.38122136.0 0.142 55.3 13.8 15829 201 279 282 40.65 39.90 8 EG
SDSS J154118.4%14043.6 0.148 40.3 25 15827 211 260 3.00 40.55 39.20 8.6G L
SDSS J155700.%413111.1 0.085 140.0 257 17607 1.76 139 3.22 4057 39.695 1EG
SDSS J155852.6662618.9 0.087 52.0 200 14601 198 282 298 40.17 39.61 8 EG
SDSS J160909.44162549.9 0.143 88.7 28 15598 196 297 3.13 4086 39.21 8.8G L
SDSS J161057.41032202.8 0.119  109.1 6.2 16.508 2.00 229 3.31 40.78 39.39 3 EG
SDSS J162046.6430911.4 0.134 35.9 7.7 15550 2.02 293 2.86 4041 39.59 8.8G L
SDSS J163604.21271829.0 0.134  363.0 154 16.051 199 263 3.01 4141 39896 8&EG
SDSS J164857.38%260441.1 0.137 137.7 19.6 17877 194 178 3.18 4101 40.029 1EG
SDSS J164924.61263502.6 0.055  146.0 474 14537 192 223 276 4019 39553 8&EG
SDSS J165847.14625624.6 0.106  258.0 284 16.410 1.80 175 3.01 41.05 39949 1EG
SDSS J214801.2082527.5 0.135 88.0 27 16564 2.05 189 343 4080 39.14 8.6G L

Continued on Next Page



Table 1 — Continued

4 NVSS [O |||] my Dn (o C vL, L[o 1 MgH Class
SDSS J231542.12002607.0 0.091 45.0 30,5 16.136 1.95 280 3.43 40.14 39.83 & EG
SDSS J232710.6904157.8 0.099 223.0 80.4 16.043 1.64 223 3.04 4092 40333 &EG

Column description: (1) source name; (2) redshift; (3) NVIS& GHz flux density [mJy]; (4) [O 1] flux [in 107 erg cn? s71
units]; (5) SDSS DR7 r band AB magnitude; (6) concentratimexC, ; (7) Dn(4000) index; (8) stellar velocity dispersion [ kit
(9) logarithm of the radio luminosity [erg¥; (10) logarithm of the [O 1] line luminosity [erg $; (11) logarithm of the black
hole mass [in solar units]; (12) spectroscopic class.



Appendix A: FIRST images of the FRIICAT sources.
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