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The goal of this work is to determine the nature of the retatietween morphology and accretion
mode in radio galaxies, including environmental paranset&éhe CoNFIG extended catalogue,
improved by including additional information such ag-#agnitudes from UKIDSS (and the re-
lated K-z estimated redshift) and spectral index derivedgueew GMRT observation, is used
to select a morphology-classified (using the FanaroffyRileR) classification of extended radio
sources) sub-sample of galaxies witi(3. For each source, spectroscopic data are retrieved
to determine the high/low excitation status of the sourtated to its accretion mode. Environ-
mental factors, such as the host galaxy luminosity and aeis factor computed using SDSS or
2MASS, are also included. We find that (1) FR morphologies dioseem to be distinguished
solely based on the radio luminosity and accretion-mod&efsource. This result is however
greatly dependent on the errors; (2) although FRIs geyamdide in denser environments that
FRIIs, HEG/LEG in a poor/rich environment has roughly equrababilities of being of morpho-
logical type-I or type-lIl; (3) excitation modes seem to bekéd to the source environment, with
HEGs found almost exclusively in low-density environmentsle LEGs occupy a wider range
of densities.
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1. The CoNFIG local sample

In previous studies of FR sources using the CoNFIG catald¢@Gemndre et al. 2008, 2010),
results have shown that, at comparable powers, FRI and FRtces show strong similarities
in evolution, which indicate that they very probably shareoenmon mechanism governing the
luminosity-dependent evolution. In addition, radio luwsity function (RLF) models hint at a
luminosity-dependent bimodal evolution, where low-luosity sources show no evolution while
high-luminosity sources undergo positive density evolutiwhat differentiates FR sources? Two
main streams of models exist to explain these differencesoirphology: Extrinsic models, purely
based on the source environment (e.g. Prestage & Peaco8kd®@ intrinsic models, suggesting
that the dichotomy arises from differences in the propguighe central black hole (e.g. Ghisellini
& Celotti 2001). To test these scenarios, high/low exatatlassification and environmental rich-
ness factor of a sub-sample of locak@ 3) CoNFIG extended galaxies were compiled to investi-
gate the possible FR morphology/accretion mode/envirommedations. The sub-sample contains
206 sources, including 74 FRIs and 107 FRIls, 76% of whictetesailable spectra, mostly from
SDSS.

2. High/low excitation galaxies

In this work, HEG/LEG classification was determined by measithe [Qll | (Ajoy) = 5007A)
and [QI] (Ajoy) = 3727A) lines, and following the definitions of Jackson & Riagys (1997):
sources with rest-frame [@] equivalent width< 1nm and/or [@]/[OlII] > 1 were classified as
LEG, other sources being classified as HEG. If ndll[[dine was detected in the spectrum, the
source was considered to be low excitation.

For the CoNFIG local sub-sample, we found 88 LEGs (includt@d-RIs and 29 FRIIs) and
70 HEGS (including 12 FRIs and 46 FRIIs). The 48 other soufioetuding 13 FRIs and 27 FRIIS)
did not have spectra available to determine the excitatwoel lof the host galaxy.

The local radio luminosity function was computed for both GdEand LEGs. Looking at
host galaxies properties of sources with no HEG/LEG clasditin available, no major systematic
offset in magnitude or other properties were observed cosap@ other radio sources of the same
redshifts and radio fluxes. These unclassified sources \Werefore considered to be a random
sub-sample and were taken into account by correcting eatir& Ry a factor:
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The resulting LRLFs are shown in Figure 1. We see that for btiiss and LEGs, the data cover
the full range of radio luminosities studied (R logPy 4gHz < 26.0 W/HZz/sr), and they agree
well with the work of Best & Heckman (2012), indicating thatetinclusion of sources with no
HEG/LEG classification was properly done. We do find a higlperce density of HEGs in our
sample for logPacHz > 24 W/Hz/sr relative to Best & Heckman (2012), but no deficieic

LEGs. Part of this is caused by the exclusion of quasars wihilthough a small proportion of
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Figure 1: Local radio luminosity functiomp(P) for HEGs (stars) and LEGs (circles) separately, using bin
sizes ofAlogPy 4gHz = 0.4. The LRLFs are compared to results from Best & Heckman (R(a2ight and
dark grey for HEGs and LEGs respectively). For more accuraeparisons, the LRLF for CONFIG HEGs
with SDSS counterparts (excluding QSOs) as selected by&ldstckman (2012) is shown in filled squares.

the overall sample, are a significant fraction of high pow&Gs. Nevertheless, a small excess is
still present when applying the Best & Heckman (2012) s&ladtriteria, suggesting that optically
selected samples, such as SDSS, might be under-samplimgpdiger HEGs.

3. Environmental factors

Cluster richness for each source was determined using tttechef Wing & Blanton (2011),
in which the richness factori!\’r9 corresponds to the corrected number of SDSS galaxies wsth ab
lute magnitudes brighter than,M —19 within a 1.0 Mpc radius of the radio source. The corrected
galaxy count is obtained by measuring the total number ofcgsuin the 1.0 Mpc-radius disk and
subtracting a background count, measured from a shell @fiand outer radii 2.7 and 3.0 Mpc
respectively. When SDSS data were unavailable (20.4% ofoited sample), 2MASS kband
(28 sources) and ESO Imaging Survey (EIS) Patch-D I-banaifidoet al. 1999; 14 CENSORS
sources) data were used.

According to Wing & Blanton (2011), a cluster-richness gf'R< 20 likely corresponds to a
poor cluster, while I}l19 > 40 corresponds to a rich cluster. It was thus decided to qé@ N30
to differentiate between poor and rich environments.

4. Results

4.1 HEG/LEG

The possibility that FR types depend on the distinct acmnetiode inside the central SMBH
is examined by looking at the probability of a HEG/LEG beif@a@iven FR type.
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Figure 2: Left: Percentage of HEGs (thick red line) and LEGs (thickgheifine) being FRII in the CoNFIG
local sub-sample (excluding source with no HEG/LEG classiion). The luminosity bins a&logP=0.3.
The cross-hatched regions correspond to the minimum andhmax possible values of the ratios when
including sources with unidentified spectral type, and thteled regions include errors in these limits de-
pending on the number of sources in each bins following Baisgatistics.

Right: Result of the Pearson chi-square test performedeoRRi/FRII HEG/LEG samples for each luminos-
ity bins. For comparisory? values corresponding to a probability P=0.2, 0.5 and 0.8#gio morphology

is independent of excitation are displayed in dotted lin€ke dashed line represent the valuexdffor
which P=0.05, the lowest acceptable probability for whicé distributions are independent accepted here.
For each luminosity bins, the range of possigfevalues when including unclassified sources is determine
based on the minimum and maximum values¢dfin each of the following extreme cases: (i) no unclas-
sified sources are taken into account; (i) all unclassifmgces are LEG,; (iii) all unclassified sources are
HEG,; (iv) all FRI unclassified sources are LEG while all FRiclassified sources are HEG; (v) all FRI
unclassified sources are HEG while all FRII unclassified sesiare LEG.

The fractions of HEG and LEG being FRII are displayed in tHe panel of Figure 2. The
two distribution overlap within the errors, which includetb uncertainty due to sources with no
HEG/LEG classification (17.6% of FRI and 26.5% of FRIIs) araisBon statistics dependent on
the number of sources in each luminosity bin considerechdears that Poisson errors is the main
source of uncertainty here.

A Pearson chi-square test, including Yate's correctionmdygpropriate, was performed on the
FRI/FRII HEG/LEG samples for each luminosity bins (rightphof Figure 2). In most luminos-
ity bins (aparm from 235 < logP; 4cHz < 24.55W/Hz/sr), the probability of radio morphology
being independent of excitation is greater than 5%, and Wx#0y,. >80% in a third of cases.
When including sources with no excitation classificatiarappears possible that FRI/FRII are in-
dependent of HEG/LEG type over the whole range of luminasitysidered.

Thus, based on the above results, there is a significanthldgsihat FR morphologies can
not be distinguished solely based on the radio luminosityatretion-mode of the source.
4.2 Environmental influences
4.2.1 Cluster richness

The idea that, no matter how they are produced, jets will\eeld#ferently depending on the
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Figure 3: Richness distribution for FRI (left) and FRII (right) LEGof) and HEG (bottom) sources in
the CoNFIG local sub-sample. The dashed line corresponqi‘8 N 30, the limit between poor and rich
cluster. The richness distribution taking into accountrses for which HEG/LEG classification was not
possible are represented as dotted histograms. Mean andmmthness (without unclassified sources) are
quoted for each distribution.

cluster environment they encounter is a possible explamdtr the different FR morphologies,
independently of excitation types.

The richness distribution of FRI/FRII HEGS/LEGs is showrFigure 3. To further look into
a possible FR morphology - excitation mode dependence ¢&rtlereof), a K-S test performed
for four comparative cases: FRI HEGs and LEGs, FRII HEGs a4, LEG FRIs and FRIIs
and HEG FRIs and FRIIs. The probabilities that the consitleeenples are drawn from the same
distribution are Py, =0.06, B _,.=0.99, R _,;,=0.68 and B_, ,;=0.95 respectively. The prob-
ability Py, seems to indicate that FRI sources are not independent métarc mode, with a
tendency to be low-excitation. However, this dependencystes when looking at sources with
NIlg < 30, where the K-S test on FRI HEGs and LEGs then yielding;R _po0~0.99. the other
K-S test results (., P/ and Ry_, /) suggest that radio morphology and excitation modes
are independent of each other.

Looking at the richness distributions themselves, it app#aat radio sources in rich clusters
have a higher probability of being FRI (as previously stdigZirbel 1997, Prestage & Peacock
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Figure 4: Optical I-band vs. radio luminosity for FRI and FRII (leftipel) and LEGs and HEGs (right
panel).

1988) and show low-excitation. The latter can be explainethb fact that jets in massive galaxies
with low cooling-rates, giving rise to LEGs (Hardcastle etZ907), are easily disrupted, resulting
in FRI-like morphologies in dense environments. On themtiaed, a HEG/LEG in a poor/rich en-

vironment has roughly equal probabilities of being of maiplyical type-I or type-Il, within errors.

Another interesting point from these distribution plotshiat excitation modes (for both FRIs
and FRIIs) seem to be linked to the source environment. Rweifig a Pearson chi-square test
on samples of HEGs and LEGs in poor and rich clusters (iggouinclassified sources) leads
to x2 = 14.23 (v=1), rejecting the hypothesis that excitation mode andrenwent parameters
are independent with probabilityR _r»=99%. The dependence of the accretion mode on the
environment can possibly be explained by the feeding méstmassociated with each type. As
seen in Figure 3, HEGs are found almost exclusively in lowsitg environments, with ['°
centered around zero, which is consistent with being theltres mergers (which tend to occur
in groups, with lower densities than clusters). In conira&Gs are found in a wider range of
densities, which is consistent with the idea that their gamply originates from the cooling out
of either the host galaxy itself (possible in both rich an@dmpenvironments) or the cluster halo
(requiring high densities).

4.2.2 Host galaxy

According to the previous results, the disruption of the jeding to the different FR types
does not seem to happen on the large cluster scale. Anotksibpity considered in this work
is that the disruption occurs on the scale of the host gal&tis was suggested by Ledlow &
Owen (1996), who found that the FR division is a function offboptical and radio luminosity
while considering sources in the 3CR sample. However, aétvecent studies (Best 2009, Wing
& Blanton 2011), based on other independent samples, failegblicate the sharp dicision found
between FR populations, finding a large overlap around thidolne& Owen divide. Looking at
the M-logP1 4gH; plots for the CoNFIG local sub-sample presented in Figuitig apparent that
the result of Ledlow & Owen (1996) does not hold for the CoNFdGal sub-sample, even when
considering the different intrinsic and extrinsic paraangt This implies that radio galaxies of
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different FR type are not hosted by significantly differeataxies. In contrast, HEGs and LEGs
appear to occupy different regions of the-MgP. 4gHz Space. However, this separation is mostly
radio-power driven.
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