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Broad-line radio galaxies: Old and feeble?
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Abstract. Far-infrared photometry of broad-line radio galaxies shows this class of AGN to consist of many hot
and some cool infrared emitters, with peaks in their spectral energy distributions around 25 pm or longward of
60 pm, respectively. Quantitative analysis indicates that this distribution relates to a substantial dispersion in
the strength of the cool dust component: broad-line radio galaxies are relatively poor in large-scale dust. Possibly
they have undergone a different merger evolution, or are relatively old AGN.
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1. Introduction

Broad-line radio galaxies (BLRGs) were discovered and
classified in the 1960’s, as part of radio source identi-
fication programs (e.g., Matthews et al. 1964). Having
optically visible host galaxies and optical spectra with
broad recombination lines, they exhibit characteristics of
both the narrow-line radio galaxies (NLRGs) and radio-
loud quasars (QSRs). Some of these BLRGs were iden-
tified with galaxies having a “brilliant starlike nucleus”
(Matthews et al. 1964), the so-called N-galaxies (Morgan
1958). Their strong nuclear optical emission was sub-
sequently discovered to experience reddening (Sandage
1973). It now appears that many BLRGs are hosted by
such N-type galaxies (e.g., Hes et al. 1995). A thermal,
accretion disk origin for their bright nuclear continuum
has recently been established (e.g. Chiaberge et al. 2000).
Unified models for radio-loud AGN postulate the presence
of an opaque dust distribution (torus) in the radio axis
equatorial plane, surrounding the continuum source and
broad emission line region (Barthel 1989; Urry & Padovani
1995). Within this framework BLRGs can be considered
objects for which the line of sight is close to the torus
edge. Thus the broad-line region is directly seen, but the
central engine is still partially hidden from view.
Consistent with this picture, Cohen et al. (1999) found
the optical spectra of several BLRGs to be a super-
position of a reddened quasar spectrum and polarized (re-
flected) quasar emission. The reddening appears to in-
crease for objects in which the polarization is higher,
which can be interpreted as an increase in inclination.
Using radio imaging and polarization data to address the
aspect geometry, Dennett-Thorpe et al. (2000) found the
class of BLRGs to consist of two groups. One contains
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the objects which are powerful mis-aligned quasars in
which the central engine is highly reddened. These ob-
jects are observed at relatively large inclination angles.
The other consists of nearby, lower luminosity quasars,
for which their proximity and low AGN luminosity com-
bine to yield the observed broad-line radio galaxy. Like
QSRs, these are observed at relatively small inclination
angles. Prime example is 3C 111, for which superluminal
behaviour in a one-sided radio jet — a typical QSR phe-
nomenon — has been measured (Goetz et al. 1987).

A third way of addressing the aspect angle towards
BLRGs is using infrared (IR) observations. The dust torus
will absorb and re-emit the soft X-rays and UV emis-
sion of the AGN, and the emission will be anisotropic at
wavelengths where the dust is optically thick. Radiative
transfer models show that there is indeed a clear as-
pect angle dependence of the spectral energy distribu-
tion (SED) in the near- and mid-IR (Granato & Danese
1994; Pier & Krolik 1992). Consistent with the model pre-
dictions, QSRs are generally found to be stronger and
somewhat warmer in the near- and mid-IR than NLRGs.
This difference may well persist to wavelengths ~60 pm
(van Bemmel et al. 2000). If BLRGs are mis-aligned and
low-luminosity QSRs their IR SEDs are expected to be
intermediate between those of QSRs and NLRGs.

The SED far-infrared (FIR) peak for QSRs and
NLRGs is observed between 60 and 100 pm. However,
IRAS data revealed several BLRG to display consider-
ably warmer IR emission, indicating the presence of much
hotter dust than in QSRs/NLRGs. Following the mea-
surement of a pronounced 25 pm peak in 3C 390.3 (Miley
et al. 1984), more such cases were reported by Hes et al.
(1995). In this paper we will study the FIR SED of the
BLRG class, in particular the nature of the short wave-
length peak. We will refer to the objects with a 25 pum
peak as hot, while the others will be called cool.
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Fig.1. Left panel: the restframe SED for the BLRG

3C390.3 (hot BLRG). Right panel: the restframe SEDs for
BLRG 3C 332 (filled circles) and NLRG 3C 321 (pluses), both
cool objects. The 25 pum points are marked in the plots. Errors
are comparable to the size of the plot symbols.

2. Observations and data reduction

We carried out an ISO (Kessler et al. 1996) program, us-
ing ISOPHOT (Lemke et al. 1996), to obtain IR photom-
etry for eight double-lobed BLRGs. The sample consisted
of 3C17, 3C33.1, 3C34, 3C59, 3C61.1, 3C 330, 3C 332
and 3C381, and was selected from Hes et al. (1995).
Observations were made at 12, 25, 60, 90 and 160 pm,
using the P1, P2, C1 and C2 detectors. Raster mode ob-
serving was applied, to avoid the known problems with
chopping. The reduction of the C1 and C2 data followed
the description in van Bemmel et al. (2000). The reduction
of the P1 and P2 data is similar, the loss of redundancy is
compensated by higher quality detectors, resulting in bet-
ter data for the P-detectors. Unfortunately, 3C 34 was not
detected at any wavelength, 3C 330 was not observed at
25 pm, and 3C 17 was not observed at both 25 and 60 pm,
which lead us to remove them from the sample. 3C59
was rejected because of confusion with a nearby Seyfert
galaxy. For two of the remaining objects the classification
as a BLRG appears dubious. 3C 61.1 had been erroneously
identified with a nearby radio-quiet QSO — hence its broad
line spectrum; on the basis of a new high-resolution radio
image it now appears to be an NLRG (Dennett-Thorpe
et al. 2000). 3C 381 is reported to have broad Balmer line
wings (Grandi & Osterbrock 1978), but no literature spec-
tra are available to confirm this. Dennett-Thorpe et al.
(2000) conclude that 3C 381 is more likely to be an NLRG.

We extracted ISOPHOT archive data for BLRG
3C 109, and added five 3C BLRGs with IRAS detections
at 25 and 60 pm, enlarging the BLRG database to a total
of 8 bona fide objects, in the redshift range 0 < z < 0.3.
3C 98 was included, having a 25 pm detection in excess of
its 60 pm upper limit. 3C 234 and 3C 381 were added, in
spite of their dubious BLRG nature (Cohen et al. 1999;
Dennett-Thorpe et al. 2000). Lacking evidence that they
are in fact NLRG, they will be treated as a BLRG, bring-
ing the total to 10 objects.

3C 390.3 1 F
B 1ﬁpc b __
Fig.2. Optical HST images of 3C390.3 (hot BLRG) and

3C321 (cool NLRG). The black lines indicate the radio axis
and the image scale respectively (de Koff et al. 1996).

It appears that 7 out of 10 BLRGs display a peak
around 25 pm, with a positive spectral index!' between
60 and 25 ym. Three BLRGs show a small negative a$2
value, which is still in marked contrast to NLRGs, dis-
playing typical values a$? ~ —1.2 (Hes et al. 1995). In
order to compare objects of positive a$2 with objects of
negative a$?, we supplement the BLRG sample with five
3C NLRGs of comparable redshift and radio luminosity.
These NLRGs are obviously selected to have known 25 and
60 pm flux densities from either IRAS (Golombek et al.
1988) or ISO (3C61.1 — our measurements), and to have
double-lobed radio morphologies.

Subsequently, the total sample of fifteen powerful FR II
radio galaxies is divided into two sub-samples of hot and
cool objects, depending on their value of a$?, and regard-
less of their optical spectral classification. The hot sub-
sample is defined as having a positive or flat spectral in-
dex, the cool subset has a negative spectral index. Typical
SEDs for hot and cool BLRGs are shown in Fig. 1. To
complement the IR SEDs and confirm the thermal nature
of the IR emission, radio data have been extracted from
NED and the literature. The two samples are listed in
Table 1. The luminosities have errors of 1% or less, and
take redshift and K-correction effects into account.

3. Results and analysis

From Table 1 we see that both sub-samples are dominated
by a different class: there are no hot NLRGs, and hardly
any cool BLRGs. This is entirely in agreement with find-
ings of Yates & Longair (1989), Impey & Gregorini (1993),
Heckman et al. (1994) and Hes et al. (1995), and may pro-
vide an important clue to the nature of BLRGs.
Although incomplete, literature data did not reveal
any differences between X-ray, optical, near-IR and radio
properties of the sub-samples. With reference to Table 1,
we however establish a significant difference between the
60 pm luminosities of the hot and the cool sample, while
their 25 pm and 178 MHz luminosities are comparable.
Thus, the hot broad-line objects must owe their classifica-
tion as hot to their relative weakness at 60 pm. Assuming

1 'We assume F, x v°.
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Table 1. Luminosity densities in WHz™* at 25 ym, 60 ym and 178 MHz for the hot and cool samples. Average luminosities
for the hot and cool samples are given for comparison. The third column lists the nature of the object: B for BLRG and N for
NLRG. 3C 234 and 3C 381 are marked B? in accordance with findings of Cohen et al. (1999) and Dennett-Thorpe et al. (2000).
The fourth column lists the optical appearance: + for a disturbed host galaxy, — for a normal elliptical appearance, and ? if
indecisive. We used Ho = 75 kms *Mpc !l and k=A =0 (i.e. go = %)

Hot (peak around 25 pm) Cool (peak longward of 60 pum)

Name 4 ID Type P25 Peo P178 Name z ID Type P25 P60 P178
3C33.1 0.181 B - 24.41 24.36 26.93 | 3C61.1 0.184 N + 23.97 24.59 27.39
3C98 0.030 B — 23.19 <2315 2592 | 3C179 0.256 N + 24.95 2540 27.52
3C109 0.306 B + 25.78 25.36 27.60 | 3C111 0.049 B — 24.01 24.16 26.20
3C234 0.185 B? + 25.29 25.14 27.38 | 3C321 0.096 N + 24.84 25.30 26.31
3C 382 0.058 B - 23.78 23.82 26.11 | 3C327 0.104 N + 24.80 25.16 26.96
3C390.3 0.056 B - 24.36 24.15 26.50 | 3C332 0.152 B + 23.99 24.36 26.63
3C 445 0.056 B — 24.32 24.21 26.16 | 3C 381 0.161 B? ? 24.31 24.48 26.92

3C 403 0.059 N — 24.17 2447  26.27
Average 0.124 24.45 <2431 26.65 | Average 0.133 24.38 24.74  26.78

the IR SED is dominated by thermal emission, this implies
the absence of cool (~50 K) dust in the hot objects. Hot
(~150 K) dust is present in all objects at a similar level,
but it dominates the SED only in the hot sample. The vis-
ibility of broad emission lines must somehow be connected
to relatively weak cool dust emission in this sample, and
we proceed by addressing the origin of this cool dust.

There are two processes that heat dust up to ~50 K in
radio galaxies, namely the AGN (e.g., Hes et al. 1995) and
star-formation. Detailed examination of the FIR SEDs
of Seyfert galaxies (Rodriguez Espinosa et al. 1996), has
indicated that the AGN strength is primarily reflected
in the strength of the hot (T" ~ 150 K) dust, i.e., the
25 pm power. Prieto (2001) shows that the hot dust emis-
sion is correlated with the hard X-ray flux, whereas the
cooler emission is not. This is consistent with our find-
ing that 178 MHz and 25 pm luminosities, both reflect-
ing the AGN power, are comparable between the hot and
cool sample. We therefore exclude the AGN as the domi-
nant heating mechanism. The FIR SED of the cool sample
is comparable to that of dusty starburst galaxies, which
generally have a peak in their SED around 60 um (e.g.
Sanders & Mirabel 1996). We therefore hypothesize that
star-formation dominates the heating of cool dust to 50 K,
in which case the hot objects must have significantly less
star-formation.

In the absence of Ha and/or UV data, we test this
hypothesis using broad-band imaging data from the HST
snapshot survey of the 3CR sample (de Koff et al. 1996).
A three person blind test was done to classify the sample
galaxies as non-interacting/dust-free, interacting/dust-
rich, or unclear: the results are summarized in Table 1.
A clear relation is found between the visual appearance
of the host galaxy and the shape of its IR SED. Hot
BLRGs are predominantly normal, relaxed, dust-free el-
liptical galaxies, usually residing in sparse environments.
The cool objects, however, display dust lanes, sometimes
have close companions, and often show signs of interac-
tion. The ubiquitous dust appears extended over tens of
kpc and is mostly oriented perpendicular to the radio

axis. In Fig. 2 two typical images for each sample are
shown. Since the only disturbed cool BLRG 3C 332 has
no clear dust lane, but is simply a relaxed elliptical with
a nearby companion, we show cool NLRG 3C 321 for a
more representative comparison. Both SEDs are included
in Fig. 1. This striking difference in visual appearance in-
dicates that many BLRGs are hosted by relaxed, dust- and
gas-deficient galaxies, and provides, in addition, a natural
explanation for the observed FIR SED difference.

4. Discussion

In line with trends reported by Hardcastle et al. (1998),
some BLRGs such as superluminal, cool 3C111 and op-
tically variable, hot 3C 390.3 are undoubtedly low-power
QSRs, observed at small inclination angles. Cohen et al.
(1999) and Dennett-Thorpe et al. (2000) however point
out that other BLRGs must be identified with critically
inclined QSRs, i.e., radio sources observed close to or
through their torus boundary. Since the dust content of
a galaxy is unrelated to the orientation of its central radio
source, a sizeable fraction of the BLRG population must
constitute a class of its own. As a consequence, the clear
line of sight towards the broad-line region in these hot
BLRGs must be related to their dust- and gas-deficient
host galaxies, either on large or on small scale. In the first
case this implies that the obscuration of the broad-line
region, generally assumed to occur in the circumnuclear
torus (on sub-kpc scale), can also occur on much larger
scales. Similar suggestions have been made for Seyfert
galaxies (Malkan et al. 1998). However, there is no rea-
son why the lack of cold dust on large scales does not
extend into the nuclear regions, and thus the geometry
of a central torus can be affected. Most likely, the torus
is not solid, but exists of overlapping dense cool clouds.
In the absence of a large supply of cold dust, these clouds
may be smaller and less numerous, yielding low-extinction
sight lines toward the central regions.
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As described above and has been reported elsewhere
in much more detail (e.g., Heckman et al. 1986; Aretxaga
et al. 2001), host galaxies of powerful radio sources fre-
quently display signatures of ongoing or recent star-
formation, which is possibly connected to the onset of
nuclear activity (O’Dea et al. 2001). Also several Seyfert
galaxies and QSO hosts display such signatures, and age
dating of their stellar population (e.g., Gonzélez Delgado
et al. 2001; Canalizo & Stockton 2001) is strongly sug-
gestive of an earlier, interaction-induced starburst phase,
which produces and drives the fueling of the nuclear ac-
tivity (Sanders et al. 1988; Barthel 2001). We observe no
signs of this connection in the hot BLRGs. Nuclear activ-
ity and starbursts are generally assumed to be triggered by
a major merger, and there are two ways to generate a rel-
atively dust free radio galaxy. The first possibility is that
such a radio galaxy forms from a single major dust-rich
merger, the dust being removed during and immediately
after the initial starburst phase. This scenario would be
consistent with comparable AGN power and host galaxy
luminosities for cool and hot objects. However, the dy-
namical timescales of large scale dust disks are of order
10° years, about an order of magnitude larger than the
maximum age of the radio source. A second possibility
is that the hot BLRGs have been formed out of multi-
ple dust-poor mergers. This results in comparable host
galaxies and black hole masses, and naturally explains the
lack of cold gas and dust in the hot objects (Hachnelt &
Kauffmann 2000).

Finally, if the onset of nuclear activity is preceded by
a starburst phase, the ceasing of star-formation might be
connected to the final evolutionary stages of the AGN.
When all dust and gas has been dissipated, it is no longer
possible to power star-formation and the active nucleus,
and to sustain an obscuring torus. We note with interest
that this scenario is consistent with the fact that the hot
BLRGs in our sample are all relatively large double-lobed
radio sources.

We plan to investigate these models using spectropo-
larimetric observations. The spectra of the underlying host
galaxies will provide clues to the stellar population, and
thus information on the merger history and age of the ob-
jects. Measurements of the cool gas content will also be
relevant.

5. Conclusions

We have shown that hot objects, residing in dust-poor
host galaxies, dominate the BLRG population. Their op-
tical appearance shows little, if any, extended dust fea-
tures, and their FIR SED is lacking emission from cool,
star-formation related dust. This extended dust might
contribute to the obscuration of the broad-line region in
NLRGs. The lack of it in hot BLRGs can be explained ei-
ther by a different merger history, or by their evolutionary
stage.
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