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Abstract

We have reviewed and presented the activities to be worked on during the project. We plan three
lines of approach to study a sample of 55 kpc-scale radio sources (roughly half compact-medium
symmetric objects and the other half core-plus-one-sided-jets): i) radio; ii) optical; iii) X-ray.
The latter is likely to become only relevant after the project has formally finished. As regards
the optical, we have concluded the first phase: BVRI photometry of ~ 90% of the sample. We
plan to follow up spectroscopically about 35 sources which lack such information and also many
from the parent sample (as control sources); we also plan imaging at IR wavelengths. On the
radio, we shall concentrate on two main areas: detailed morphology of the sources (core finding
and high resolution dual-frequency mapping) and spectra variability. In addition, we present
several new ideas for studies on the sample(s). We expect to successfully conclude most of the
objectives proposed in the 2-yrs project before its end.
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Chapter 1

Introduction

The team gathered at the base Institution of the Project, the Centro de Ciéncias Matematicas
(CCM) at the Universidade da Madeira, Funchal, Portugal, on the 10th and 11th February
2000 with the aims of deciding the future research strategies as well as discussing past work.
Although the official start date of the two-year project was 1st January 2000, there has been
some collaboration of the team before (namely since submission of the project by June 1999 —
(Augusto et al. 1999)). Hence, the updating of the work plan is vital (Figure 5 in (Augusto
et al. 1999)). This is done in Figure 7.1 of this report.

The agenda of the meeting was as follows:

Thursday, 10

10h30 Welcome (coffee and tea)

11h00 Visit to UMa and Astronomy Group

12h30 Lunch

14h00 Pedro Augusto: ‘Overview of Project’

15h30 Coffee/Tea

16h00 Pedro Augusto: ‘The radio attack on the 55 sources + Abell 2390’
Nectaria Gizani: ‘Hercules A’

17h30 Discussion

18h30 Adjourn

Friday,11
9h00 Ignacio Gonzalez-Serrano on the optical attack on the 55 sources

10h30 Coffee/Tea



11h00 Discussion

12h30 Lunch

14h00 Alastair Edge on the X-ray attack on the 55 sources
15h30 Coffee/Tea

16h00 Discussion

17h00 Final Ideas / Sum up / Putting it all together

18h30 Adjourn



Chapter 2

Overview of the Project
(administration issues)

The team was let know that any publication at all related to the project should come with the
acknowledgement: “We acknowledge support from the grant PESO/P/PRO/15133/1999 of
the Fundagao para a Ciéncia e a Tecnologia (Portugal) through the ESO programme”.

The total budget granted to the project was 11 million PTE, about two-thirds of the total
requested. Given these constraints, the budget was sectionally redistributed in proportion to
what was in the original project by submission, after preserving the three BIIC scholarships
(one in the first year and two in the second) that the team finds important for the execution
of the project as well as for the training of young people in research. A special effort will be
made on:

1. The acquisition of equipment (two computers and one scanner; the CCM will fund a
colour printer and a conventional black and white PS printer, as well as offering the office
where to place some of this material; this office will also be the workplace of the three
young scientists; a few of the University xterms, not in use, will be transferred to the
Astronomy Group.

2. The purchase of bibliography in Astronomy, namely the Annual Review of Astronomy &
Astrophysics (from 1985 to 1993, since the University has already purchased 1994-present)
and the Astronomy and Astrophysics Abstracts (from 1984-89, since 1990-present are
available); 2000-1 subscription of Astronomy and Astrophysics Supplement and Astron-
omy and Astrophysics Review since the Astronomical Journal, the Astrophysical Journal
(and Supplement and Letters) — ApJ (S + L) — and the Monthly Notices of the Royal
Astronomical Society — MNRAS — are already received at the University; as regards
another astronomical publication, Astronomy and Astrophysics, our budget constraints
do not allow subscription; finally, a note to acknowledge the kind donation of a full run
(~1950 to present) of valuable reference astronomical journals: ApJ (S+L), MNRAS and
Quaterly Journal of the Royal Astronomical Society by Prof. Rod Davies (Jodrell Bank
Observatory, Univ. Manchester, UK).

The team was reminded of their duties (% of full time in project that each was committed
to devote) and all have confirmed the amount of work they intend to do on this project as
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proportional to their total working hours.

We have reviewed the expected output indicators for the project and confirmed that we
expect to be in good shape to, at least, be close to the main goals presented in (Augusto et al.
1999). For example, as regards the three scientific papers in international refereed journals,
the team plans to submit these during this first year of the project: 1) Augusto, Edge, Gizani,
Wilkinson on Abell 2390; 2) Augusto et al. with the radio data already available for a large
portion of the sample (spectral index results and maps at L-Band); 3) Gonzalez-Serrano et al.
with the BVRI photometric results for the vast majority of the sources in the sample. Papers
2 and 3 would be submitted as companion papers. Finally, as regards talks and conference
proceedings (including national meetings), eight/year is not irrealistic given the five members
of the team.

The team analyzed the referee comments on the project when accepted, in particular the
comment “encourages |[...] other projects which could be carried out at ESO telescopes”. First,
it is the general feeling of the team that, since half of the objects in the sample are below
30°, they should be observable at ESO telescopes a large portion of a semester. This, despite
the fact that the sample was drawn from the northern hemisphere, without strictly southern
objects. Bearing in mind the existing southern radio surveys which contain thousands of images
of sources at ~ 1” resolution (much like the Jodrell-VLA Astrometric Survey — JVAS — in the
north), the ESO telescopes might play a crucial role on the optical follow up of radio samples
in the future, for example, in a similar study to ours when looking for >kpc-scale structure
flat-spectrum southern radio sources (namely 5-15 kpc or so).

The team was informed of the opening of a place for a BIIC scholarship with the successful
candidate due to work on the project during 11 months, namely to construct a computer
database with all the information (radio, optical, etc.) on each of the 55 sources. The expected
period of work is from 1st April 2000 until 28 February 2001 and the applications are accepted
in 1-17 March 2000. The juri (the PI of the project, Dr. Nectaria Gizani (team member) and
Prof. Streit, Head of CCM) will meet a few days after to decide who will take the place, after
consultation with all members of the team. As regards the other two BIIC places to be open
through the project, the team has decided as ideal working period the one on 1st Sep 2000 -
31st July 2001, to coincide with the school year as much as possible. In practice, this means
that, during a few months in the project, we will have three BIIC students working at the same
time.

Finally the timeline (work plan) was discussed and was noted that many of the tasks due to
complete in the first quadrimester of 2000 were either completed already or in completion, since
the colaboration among the team started a few months before the oficial date of start of the
project (1st January 2000). The team also noted that there is a worrying rate of insuccess in
some of the proposals submitted: namely the radio follow up at L-band with the EVN of the
remaining candidates and the optical spectroscopy follow up of about two-thirds of the sample
(sources that need a redshift). For every rejected proposal we will carry on with what we have
been doing: review it before immediate resubmission, carefully following the referee comments,
when useful. The hopes are that in the future we will get the data we need to complete
the project as initially intended. The timeline of the workplan is presented in Figure 7.1 in
Chapter 6.

The team decided to meet again towards the end of the year, unless it is unanimous that this
is not needed.



Chapter 3

The radio side

3.1 The radio ‘attack’ on the 55 sources

3.1.1 Overview

To show the progress that has been done by the team submission of the project in June 99
(Augusto et al. 1999), we update Table 1 of the Scientific case of that document. The revised
Table is presented in Table 3.1 here where we see that almost half of the sample (~24 objects
out of 53) have high resolution spectral index maps (o} ) available (y/) or ready for production
since the data exists (‘Pot’), in two cases these are in the literature (‘Lit/Pot’). One of the
aims of our project is to produce spectral index maps for all sources, that is, to clear the 29
‘— that exist in Column (7) of Table 3.1. For these ones remaning, we hope to gather VLBA

L-band data (see Chapter 7).

3.1.2 Update on Spectra

Since the spectra of the 55 candidates have been published (Augusto et al. 1998), new radio
surveys have come up with results and many include flux densities of our sources in their
lists (at different frequencies). Also, the Nasa Extragalactic Database (NED) got updated as
regards source flux densities in quite old references. Other data (e.g. 4850 MHz) were revised
in new catalogues — GB6 (Gregory et al. 1996) vs. (Gregory & Condon 1991). The team
understands that the WENSS catalogue (Rengelink et al. 1997) is currently under revision
and Dr. de Bruyn at the Joint Institute for VLBI in Europe will be contacted to find out when
the update is complete. Our 326 MHz frequencies will then be revised as well. In Figure 3.1
we update the spectra of the 55 sources. The new references are presented in Table 3.2. The
old references are in Table Al of Augusto et al. (1998).

The team decided to pursue the part of the work plan (Augusto et al. 1999) that aims at
finding the fluxes at ~ 100 MHz of all candidates since the vast majority still has a yet to
determine turnover frequency in their overall spectra. The suggestion is that we apply to single
dish observations. Despite our failed attempts of collaboration with russian scientists, whose
country has adequate instrumentation, we will try to apply to single dish telescopes operating
in the range 30-100 MHz, perhaps in India (Very Large Telescope) as well as carry on applying



Table 3.1: Augusto et al. (1998) 23 CSO/MSO candidates (top) and 30 NLR probes (bottom) —
the radio follow-up ‘board’. The remaining two objects of the 55-source sample are a ‘lens’ and a
large object. Description: (1) The candidate name in B1950.0; * redshift data exist; T this might
be a CSO/MSO — Figure 3.4; (2) distinction, from their angular sizes (independent of z), between:
i) CSO/MSO; ii) In(ner)/Bo(rder) NLR probes; for (MSO) and (Bo NLR): z > 0.2 was assumed
—  (Augusto et al. 1999); (3),(4) Current status of L-band follow-up; (5),(6) Current status of
C-band follow-up; (7) Spectral index map: y/—map has been made; ‘Pot’—data exist to make map;
‘Lit/Pot’—data exist in the literature; (8) Current status of K-band core searches.

CSO/MSO Type L-band C-band a3 ¢ map 22 GHz
candidates (z>0.2) MERLIN+EVN MERLIN MERLIN VLBA MERLIN/VLA
(1) (2) (3) (4) (5) (6) (7) (8)
B0046+-316* MSO literature observed Lit/Pot
B0112+518 (MSO) observed —
B0116+319* CsO literature observed Lit/Pot
B0205+722* MSO observed  observed Pot
B0225+187 CSO/MSO observed observed  observed V4
B0233+434 CSO observed  observed —
B0352+825 CSO observed observed — observed
B0638+4-357 (MSO) observed observed Vv
B0732+237 CSO observed observed observed V4 observed
B0817+4710 CSO/MSO observed  observed —
B0819+082 CSO/MSO observed observed Vv
B0824+355* MSO observed observed Pot
B1010+287 CSO observed  observed —
B1058+245 (MSO) observed —
B1212+177 CSO observed  observed —
B1233+539 CSO/MSO observed —
B1504+105 CSO observed  observed —
B1628+216 (MSO) observed —
B1801+036 (MSO) observed — observed
B1928+681 CSO observed  observed — observed
B19474677 (MSO) observed literature —
B2151+174* CSO observed observed observed Vv
B2345+113 CSO/MSO observed observed Pot
NLR Type L-band C-band a?_ﬁ map 22 GHz
probes (z>0.2) MERLIN+EVN  MERLIN  MERLIN VLBA MERLIN/VLA
(1) (2) (3) (4) (5) (6) (1) (8)
B0127+145 (Bo NLR) observed observed Vv
B03454-085 In/Bo NLR observed observed V4
B0351+390 (Bo NLR) observed  observed Pot
B0418+148 (Bo NLR) observed —
B0429+174 (Bo NLR) observed  observed Pot
B0529+013 (Bo NLR) observed observed Vv
B0821+394* Bo NLR observed  observed Pot
B0905+420* Bo NLR observed —
B0916+718* Bo NLR observed  observed Pot
B1003+174 (Bo NLR) observed —
B1011+496* Bo NLR observed  observed Pot
B1143+446* Bo NLR observed —
B1150+095* Bo NLR observed —
B1211+334* Bo NLR observed  observed — observed
B1241+735* Bo NLR observed  observed Pot
B1317+199 (Bo NLR) observed —
B1342+341 (Bo NLR) observed —
B1638+124* Bo NLR observed —
B1642+4054 (Bo NLR) observed  observed Pot
B1722+562 (Bo NLR) observed  observed Pot
B1744+260* In NLR observed — observed
B1812+412* Bo NLR observed —
B1857+630 In/Bo NLR observed  observed — observed
B2101+6641 In/Bo NLR observed observed Pot
B2112+312 In/Bo NLR observed —
B2150+124 (Bo NLR) observed  observed Pot
B2201+044* Bo NLR observed —
B2205+389 (Bo NLR) observed —
B2210+085 (Bo NLR) observed observed V4
B2247+140" In NLR observed —
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(MHz)
Figure 3.1: The spectra of the 55 sources — see Table 3.2 for references. Some of the 232 MHz
data points that come from (Zhang et al.

obs

4 0
100 1000 10" 10
spond to peak flux densities. These are for the sources: B0046+316, B0112+518, B0116+319,

B0205+722, B0218+357, B0233+4434, B0351+390, B0352+825, B08174710, B0905-+420,
B0916+718, B1011+496, B1143+4446, B1211+334, B1342+341, B1812+412, B2101-+664,

B2112+312, B2205+-389.



Table 3.2: The new references for the spectra update of the 55 sources presented in Figure 3.1
(as well as B2231+359 — Figure 3.4). Frequencies are approximated, for simplicity ( for
synchrotron model fitting, actual frequency values will be used): e.g. 318 MHz for WENSS
which is actually at 326 MHz.

Freq. Ref. | Freq. Ref. Freq. Ref.

(MHz) (MHz) (MHz)
26 1 635 1 8900 14
38 2 750 1 10700 15
80 3 966 9, 10 11200 10
151 4 2700 3,8,9 | 15000 16,17

178 1,5 3900 9,10 | 21400 10
232 6 4585 11 23000 18,19
318 7 4850 12 31400 20
408 3,8 7500 10 90000 21
468 1 8100 13
(Kiihr et al. 1981)
(Rees 1990)
Parkes Catalogue (1990), published by the Australia Telescope National Facility
Waldram et al. 1996)
Gower et al. 1965)
Zhang et al. 1997)
Rengelink et al. 1997)
Large et al. 1981)
Bursov 1997)
10 (Kovalev et al. 1999)
(Owen et al. 1978)
(Gregory et al. 1996)
(Owen et al. 1980)
(Shimmins & Wall 1973)
(Gregorini et al. 1998)
(Genzel et al. 1976)
T (Spencer et al. 1989)
O
(
(
(

© 0 N O Gl R W N e

AN AN AN AN N

ur data and (Augusto et al. 1998)
Patnaik et al. 1993)

Geldzahler & Witzel 1981)

Joyce & Simon 1976)
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to the VLA at 74 MHz until we reach their satisfaction.

3.1.3 Polarization

(Augusto et al. 1998) have presented the 55-source sample 8.4 GHz polarizations which
are, in general, quite low, at an average of 2% (their Figure 5). However, the two main
populations of radio sources (CSO/MSOs and CJs) have different distributions, with the CJs
more polarized than the CSO/MSOs (Figure 8 in (Augusto et al. 1998)). This means that,
for the understanding of our sample and their two radio populations, the study of their radio
polarizations is important. The plan of carrying out this study was already in the workplan of
(Augusto et al. 1999). Given that we are planning to follow up at L-band with higher resolution
all objects (half done — see Table 3.1) and the EVN, currently, has no great polarization
measurement capabilities, the VLBA seems to be the ideal array to apply for time in the future
since: i) the resolution is better; ii) can perform imaging and polarization at the same epoch,
even at two or more different frequencies, if necessary (impossible with the EVN) — spectral
index maps in real time; iii) might show us the way out of the proposal rejection cycle that we
have entered with the EVN.

Polarization information will enable us to learn about the magnetic fields in the sources and
may lead to a better physical insight into what is actually going on in the 55 sources as regards
their multi-wavelength properties.

3.1.4 Spectral Index

We are planning to construct high resolution spectral index maps for the whole sample. Since
we already have MERLIN 5 GHz data for all sources available (some even MERLIN + VLBA 5
GHz), we need 1.6 GHz data, with MERLIN for the largest sources and with EVN+MERLIN
or VLBA alone for the smallest. In Table 3.1 we see that nine spectral index maps have been
produced while fifteen more await reduction: almost half of the sample is ‘done’. We plan to
do the remaining with the VLBA (together with polarization as stated above). Below, we will
consider source variability issues.

(Augusto et al. 1998) in their Figure 6 have shown that the spectral index distribution of
the 55-source sample is biased towards the highest values possible (within flatness: af$> < 0.5;
S, o ™) as compared to the parent sample from where the 55 kpc-scale sources were selected.
This can more easily be explained by a correlation between radio structure and a high value of
the spectral index.

Several issues remain open, however. One of these has to do with the variability of the radio
sources: (Augusto et al. 1998) have used catalogues at 1.4 GHz (White & Becker 1992) and
at 4.85 GHz (Gregory & Condon 1991) that have now been superseeded (NVSS — (Condon
et al. 1998) and GB6 — (Gregory et al. 1996), respectively). The first update is more relevant
than the second, since it is a completely new survey, conducted about 10 yrs later than the
first one. The 4.85 GHz update was mostly an improvement in the errors of the catalogue and
consequent difference in the actual mean value of the flux density, which we use, for example,
to plot spectra (c.f. Figure 3.1).

The question we tried to address first was: will the number of kpc-scale sources selected from

14



Table 3.3: The eleven CSO/MSOs and the four CJs of the 55-source sample that would be out
of the sample if the a4 < 0.5 criterion was used with the most recent catalogues (Condon
et al. 1998; Gregory et al. 1996) rather than with the oldest (White & Becker 1992; Gregory
& Condon 1991) as was the case in (Augusto et al. 1998). See Appendix A for a full list for
the 55-source sample.

CSO/MSOs af®® aff CJs abf? ot

(old) (new) (old) (new)
B0O112+518 0.37  0.68 | B1150+095 0.31  0.51
B0225+187 0.48 0.51 | B1211+334 0.49 0.65
B0233+434 0.45 0.60 | B13174+199 0.45 0.65
B0732+4237 0.37  0.51 | B2205+389 0.33  0.52
B08174+710 0.37  0.63
B1010+287 0.49  0.55
B1058+245 0.47  0.63
B12124+177 0.24  0.57
B1233+539 0.48  0.62
B1628+216 0.16 0.63
B1928+681 0.41  0.51

the parent sample change significantly if, rather than using the 1.4/4.85 GHz catalogues that
we did (White & Becker 1992; Gregory & Condon 1991) to calculate the o> spectral indices
we use the 1.4/4.85 GHz NVSS/GB6 catalogues? We remind here that (Augusto et al. 1998)
have used the rejection criterion a4 < 0.5. The answer is that 15 out of 55 sources (Table 3.3)
would actually be out of the (Augusto et al. 1998) sample, or 27% (Appendix A). The spectral
index distributions (new and old), however, compare as in Figure 3.2 where they are the same
at a 10% significance level. Hence, the af$5 criterion is stable to the variability of sources as
regards the statistical properties of the sample as a whole. Since the 27% fraction is a relatively
large number, we must understand physically what has happened. Surely the main contribution
to the difference must come from the 10 yr difference in the epochs of the 1.4 GHz catalogues,
since the 4.85 GHz catalogues are the same (values taken at the same epoch). Can it be that
the difference is explained alone by the secular variability of the sources?

At this point, we should note that out of the 15 sources that would be put out of the sample
in the new version, 11 are CSO/MSOs (the other four beeing CJs) — Table 3.3. Could it be
that these particular CSO/MSOs are ageing or getting larger and getting a steeper spectra? or
is it that an overall increase in luminosity (consistent with secular variation) is taking place?
Although the first explanation, given the typical ages of kpc CSO/MSOs of 103 —10° yrs appears
not to be good, it is possible that, if the CSO/MSOs were at the border of the af%® criterion,
they would ‘jump’ over in 10 yrs. To check this we look at Table 3.3. We see that the behaviour
is not as anticipated since not many CSO/MSOs had previous values close to the aj$® < 0.5
border. Some are quite far (B1212+177; a%® = 0.24) and still managed to jump over. Others
are quite close (B0225+187; a:$® = 0.48) and just managed to do it. An important fact is
that for all 11 CSO/MSOs (and also the four CJs) listed in Table 3.3 there was an increase in

ai$, most likely due to an increase in the 1.4 GHz flux densities (and luminosities) over 10 yrs.
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Figure 3.2: The spectral index distributions (af$5 < 0.5) of the 55- source sample as in (Au-
gusto et al. 1998) — w&b_gb — and using the more recent catalogues — nvss_gh6. The latest
version contains only 36 sources of the original sample since the remaining sources ‘jump’ over
the flat-spectrum border as discussed in the text. The two distributions are the same at the
10% significance level.
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This is not the case for all of the remaining sources in the sample, since many had an opposite
variation of a1’ (Appendix A). Another explanation for the ‘jump’ could be that the errors
in flux densities (which were not considered in Table 3.3) could be relevant, although, a priori,
they seem pretty low (e.g. ~3% at 1.4 GHz in (White & Becker 1992) for most sources). This

issue needs further investigation.

Coming back to the question of secular variability, we have started a study in the literature
as described below. Before going into that, however, we must find out what happened to the
sources that the a4 < 0.5 (Augusto et al. 1998) criterion has rejected and that now, due to
secular variability, using the NVSS flux values, could well be in the sample. We must start by
emphasizing that the JVAS/CLASS, from where our parent sample was drawn, is not complete
to all spectral indices of radio sources but it is biased to contain flat-spectrum sources (complete
for @ < 0.5). From (Augusto 1996) we picked all sources that had kpc-scale structure but were
rejected due to the spectral index criterion alone. They total 98 and, of these, 27 (which include
17 with 0.5 < a}$® < 0.6) would be inside the (Augusto et al. 1998) kpc-scale sample, had
they used NVSS and GB6 instead of (White & Becker 1992; Gregory & Condon 1991): 28% of
the sources would ‘jump’ over to the flat spectrum side (Figure 3.3) as compared with the 27%
that would make the other direction as we have seen above. Since the numbers are very similar,
this seems to suggest, once again, that the spectral index criterion is quite robust statistically
for our sample. In Appendix B we briefly discuss the general population of JVAS/CLASS kpc-
scale sources (flat and steep). In Appendix C we compare directly the fluxes from the NVSS
and the MERLIN 5 GHz flux densities of (Augusto et al. 1998) in order to get a feeling of the
compactness of the objects at high frequency.

We are currently undertaking a study in the literature of the variability of all 55 sources,
looking for the explanation to the spectral index ‘jumps’ as described above, and also because
variability in a short time scale, in radio sources, helps us to gather more physical information
about them, namely their sizes. Going through NED for all 55 sources, only a few had data
points at different frequencies that disagree. This disagreement is defined as follows: given
two fluxes with their errors py + 0y and us £ 09, whenever a source, at a given frequency, has
(1 < p2) g1 + 01 < pg — 09, then it is classified as variable at that frequency. The list of
such variable sources (21 out of 55) is presented in Table 3.4 and a more complete version in
Appendix D. Several arguments will now be put forward, since this number (40% of the sample)
is quite large.

First, we note from Table 3.4 that only 7 of the ‘variable’ sources show an « ‘jump’ and that
many of the 21 ‘variable’ sources do not show any extraordinary variation of a{%®, for example,
B1010+287 (0.49 to 0.55). It is then interesting that 8 of the fifteen sources with the o ‘jump’
(listed in Table 3.3) are not ‘variable’. Is this because there is not enough data at different
epochs in the literature to judge about their variability (no data class) or is it because, more
importantly, they are actually non-variable (another class) with at least a couple of different
epoch literature points? This issue needs clarification to understand the meaning of ‘variability’
in the 55-source sample. In fact, the same question should be addressed for the 34 sources of
the 55-source sample that are ‘non-variable’. Are they really non-variable or are there simply
not enough data to judge? It could be that 21 ‘variable’ sources in the sample is actually a
lower limit. Further work must be done on this area in the near future, since the number of
‘variable’ sources with an a ‘jump’ could increase substantially.

Second, and also important, is the determination of the type of variability seen: is it secular or
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Figure 3.3: The spectral index distributions (a]%> > 0.5) of the 98 kpc-scale sources that have
steep spectra and are not in the 55-source sample of (Augusto et al. 1998). The catalogues
are as in Figure 3.2. The nvss_gb6 contains only 70 sources of the original sample of 98 since
the remaining ‘jump’ over the steep-spectrum border (to the left) as discussed in the text.
The two distributions are different at the 95% confidence level. We have yet to find a suitable
explanation for this, although it is a marginal question for the science we are trying to get from
our 55-source sample.
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Table 3.4: The 21 sources out of the 55 that ‘vary’, at least secularly (nine CSO/MSOs and
eleven CJs). af-$® values are given using the new catalogues (Condon et al. 1998; Gregory
et al. 1996) and using the old (White & Becker 1992; Gregory & Condon 1991). The sources
with a o ‘jump’ are the ones which are rejected with the new values from the 55-source sample

and are also listed in Table 3.3.

Variable Type a‘ffﬁ‘r’ a‘ffﬁ‘r’ a ‘jump’

source (old) (new)
B0112+518 MSO 0.37 0.68 Vv
B0116+319 CSO 0.47  0.40
B0127+145 CJ 0.22 0.25
B0205+722 MSO 0.33 0.19
B0218+357 lens -0.02  0.12
B0429-+174 CJ 0.37 0.18
B08174+710 CSO/MSO 0.37  0.63 Vv
B0819+082 CSO/MSO 0.30 0.35
B0916+718 CJ 0.22 041
B1010+287 CSO 0.49 0.55 Vv
B1211+334 CJ 0.49 0.65 Vv
B1212+177 CSO 0.24  0.57 Vv
B1241+735 CJ 0.33 -0.05
B1628+216 MSO 0.16 0.63 Vv
B1638+124 CJ 0.38 043
B1642+054 CJ 0.42 0.34
B1722-+562 CJ 0.41 0.38
B1801-+036 MSO 0.49 0.11
B2201+044 CJ 0.04 -0.27
B2205+389 CJ 0.33 0.52 Vv
B2210+085 CJ 0.07  0.20
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burst-like? It should be possible to conduct a first order approach by studying the time interval
between epochs for all ‘variable’ sources. For this, we will have to go back to the literature and
fill Table D.1 with the dates of the measurements.

Third, the preliminary results of ‘variable’ sources in Table 3.4 suggest a rough similar number
of CJs and CSO/MSOs. Given the accepted notion that CJs are more variable than CSO/MSOs
in short term variability, it looks, by now, that the variability is secular and not short term for
all sources that ‘vary’. Surely, we must confirm the suggestion with a self-consistent ‘variable’
sample of sources as described above, when the no data class disappears.

Fourth, it might be more useful in the future to define variability as fraccional instead of the
way it was defined above. For example, we could use |1 — 2| /11 greater than a given value for
variable sources (this value could be 20%, 50%, etc.). This has also the advantage of allowing
us to pick sources with different degrees of variability, enhancing any hidden trends in the
55-source sample.

3.1.5 MERLIN L-band results

In Figure 3.4 we present our recent results after reducing the data of the MERLIN 1.6 GHz
snapshot imaging of the 13 largest sources in our sample. Together with the existing MERLIN
5 GHz data, we will produce spectral index maps for all these sources (‘Pot’ in Table 3.1).

A side project emerged from these results: the search for genuine one-sided core-jet sources,
since many of these 13 sources are one-sided at more than 30:1 flux density ratio. This new
idea, as well as follow up prospects, is discussed in Appendix E. A list of very inverted spectrum
sources drawn from the parent sample is presented in Appendix F.

3.2 Abell 2390

Since the project was submitted not much more was done on this source. The paper is in
preparation already. B2151+4174 is the radio counterpart of the cD galaxy in the rich cluster
Abell 2390, which contains the strongest X-ray cooling flow known. The size of the radio
component, ~ 1.6 hz:' kpc, and the fact that it has symmetric structure around a bright core
(Augusto et al. 1999) made us classify this source as a small MSO. However, remapping the
source with MERLIN 1.6 GHz data alone (from the MERLIN+EVN 1.6 GHz taken in 30th
May 1997) lead us to a different conclusion: there seems to be a clear ‘blob’ about ~ 9.5 h7;
kpc (3 arcsec) away, NE of the radio core at p.a. +14° — Figure 3.5. Given the small size of the
source, it still could be an MSO, but now quite a few times larger than what we first thought.

This new discovery prompted a literature search for any optical counterpart coincident or
close to the radio jet (be it an optical jet or an interacting galaxy), since Abell 2390 has
been extensively mapped in the optical, even with the HST. The first step was to search for
counterparts on the optical data from several telescopes presented in (Le Borgne et al. 1991),
namely their Table 3 and Figure 5: no galaxy exists in the quadrant 5 arcsec east and 10 arcsec
north of the ¢D (c.f. Figure 3.5). Nevertheless, Figure 5 of (Le Borgne et al. 1991) shows some
‘noisy’ components fairly well aligned with the radio jet, at p.a. ~ +15-25° and about ~20-30
h7s kpc away from the core (Figure 3.6). The fact that there were several components aligned
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Figure 3.4: The new MERLIN L-band maps of 13 of the largest sources in the 55-source sample.
Some of the maps have been convolved with circular beams for clarity.

seemed to make it something real, since the likelihood of noise components aligning in such a
way is very small. In fact, existing HST images revealed this ‘noise’ as real: a lensed straight
arc of a background galaxy — Figure 3.7.

[t is rather surprising that within 7 arcmin (~ 1 Mpc) of the ¢D Abell 2390, although there
are about 850 optical galaxies, only five radio sources are found with the NVSS at 1.4 GHz
(> 1 mJy). One of these is, obviously, B2151+174 — the strongest by far. The remaining four
sources are quite far from the cD (> 73.5"” or > 230 h7' kpc) and quite weak (S;4 < 15 mJy).
Only one of these is probably identified with a galaxy (nr. 564 of (Le Borgne et al. 1991),
which is only ~ 4" away from the radio position; there is a ~ 2" error in the optical positions
of the paper). The small number of radio sources seen in the field of Abell 2390 is surprising,
given such a large and massive cluster, dominated by strong and weak lensing effects, namely
through magnification. Only its low redshift (z ~ 0.2) might be against lots of efficient lensing
since the cross section for lensing may not be large enough to significantly magnify distant and
very distant radio objects behind it.

3.3 Hercules A

The team reviewed the knowledge of the source Hercules A, as presented in (Augusto et al.
1999). If Hercules A is not already a guaranteed time proposal, we plan to submit one to
Chandra by June. One of the main aims of the study of Her A within this project is to model
its jets and magnetic field. In order to do that, we need to probe as close to the centre of activity
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Figure 3.6: A magnified version of Figure 5 in (Le Borgne et al. 1991). The linear scale was
produced after converting the angular scale shown in their paper. Notice how well aligned are
the ‘noisy’ components at p.a. ~ +15-20° with respect to the centre of the cD galaxy where
the radio core also lies. North is to the top.
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Figure 3.7: The central galaxies of Abell 2390 with the HST (V and I filters combined — true
colour; (Smail 2000)). The ¢D is the dominant galaxy. North is not to the top on this image
(c.f. Figure 3.6). The arc (marked with an arrow on the left) is shown in more detail on the
right image, after some mild image processing (blur; contrast+27; contrast+27; blur). The arc
is on the exact place of the ‘noisy’ blobs in Figure 3.6.
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Figure 3.8: The VLA 18 cm map of Hercules A, combining data taken with A, B and C
configurations. The resolution is 1.4”. Note that the core is unresolved.

as possible (pc-scale environment). Previous VLA data hints that the core may actually be
compact (Figure 3.8). MERLIN+EVN 1.6 GHz observations have been conducted and the data
will be reduced soon.

One of the tasks in the workplan is to combine 74 MHz and 8.4 GHz data on Her A to produce
a spectral index map in a larger frequency range than the existing one between 74 and 330
MHz (Kassim et al. 1993). The data exist and this can be made soon.

3.4 MBS8T7 high-z replica (B2231+359)

This source is not, strictly, inside the 55-source sample because of the spectral index criterion (it
has a}%® = 0.65 > 0.5 — ‘new’ value only). Nevertheless, as presented in (Augusto et al. 1999),
its properties are encouraging enough for a detailed study. This source is actually included in
the general kpc-scale sample of 154 radio sources from JVAS/CLASS (flat + steep spectra) —
Appendix B. In Table 3.5 we present the optical results for B22314-359. The (updated) spectra
of B2231+359 is presented in Figure 3.4. B2231+4-359 is an optical empty field on the Palomar
Observatory Sky Survey (POSS) and hence we are planning to determine its spectra with the

William Hershel Telescope (WHT) to start with (see Chapter 4).
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Table 3.5: Journal of observations with the Nordic Optical Telescope (NOT) of B2231+359
(BVRI photometry). Dates: 13-15 Sep 1999. The exposure times are in seconds.

Source B Vv R I
B22314+359 600 600 600 900

10 e e ——
I 22314359

SL/,ObS <\Jy>

L | L | | L
100 1000 10*
V.pe (MHZ)

Figure 3.9: The spectra of B2231+359 — see Table 3.2 for references. The 232 MHz data point
(Zhang et al. 1997) is actually a lower limit, since it corresponds to a peak flux density.
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Chapter 4

The optical side

We got two proposals accepted to do BVRI photometry with the Nordic Optical Telescope
(NOT) of as many of the 55 sources as possible. We had two runs, three nights in 13-15 Sep
1999 and two nights in 1-2 Feb 2000. On the first run, one of the nights was only half successful
due to some clouds and technical problems with the Hirac system. Otherwise, the run was
quite successful, with fair seeing (at ~ 1”). Although in the second run we were able to observe
virtually all the time, the seeing was poorer (at ~ 27). Of the 55 sources, 42 were observed
(~ 76%) — see Table 4.1 — and only 13 objects are then left, which we list in Table 4.2.
Furthermore, in Table 4.3, we also list the 5 parent sample objects that were observed — we
have taken these objects from a control JVAS/CLASS subsample of 100 objects, most of which
already have redshift and/or photometric information (see Appendix G for the full list of the
100 objects that represent the parent sample, as well as their optical properties, if known).

The data reduction was not finished by the time of the meeting: flat field and photometry were
essentially done. Needed to do astrometry for all 47 objects observed, using a semiautomatic
process inside IRAF developed by Eduardo & Ismael (IAC), which looks at the APM/USNO
catalogue. This process was already tested for some of our sources and, although slow (5-10
mins per source) it works fine, giving a 0.3-0.4” error in position. It is very important to get
such a small error for any spectroscopic follow up of the sample since we need to know exactly
where to place the slit.

The preliminary (photometry) conclusions are: i) the second run was not photometric due to
lots of dust in the atmosphere; ii) the limiting magnitudes are around 23 mag in R and T —
not all objects were seen in B or V.

The immediate future plan is to reduce the optical data (within two months or so) especially
in order to stand up a better case in future optical follow up proposals (and also radio) —
namely photometry completion and spectroscopy. As regards spectroscopy, of the 35 sources in
the 55-source sample without any spectral information are sixteen POSS empty fields (almost
half). Furthermore, eleven other have POSS visual magnitudes around 20 mag. Only eight of
the 35 sources have V' < 19. Given this, we plan to submit a spectroscopic proposal to the 4.2 m
WHT at La Palma, using ISIS for all our 27 faint sources (EF + 20 mag). If possible, we would
also like to get the spectra of the eight brightest sources, since this would be very fast with
the WHT. Otherwise, we can apply later for time to do spectroscopy for these using the NOT
(Alfosc) or the Isaac Newton Telescope (INT) using IDS. We also have left as an option, for the
faintest sources, the 3.5m Calar Alto Telescope, using TWIN. This last option could be used
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Table 4.1: Journal of observations with NOT of the 55-source sample. Dates: 13-15 Sep 1999
and 1-2 Feb 2000 (italic). We have observed 42 sources with BVRI photometry. The exposure
times are in seconds.

Source B \% R I
B0112+518 600 900
B0127+145 300 300 300 300
B0205+722 600, 900 300, 600 300 300
B0218+357 600 300 300 300
B0225+187 600, 1800 300, 600 600 300
B0233+434 600 900, 900
B0345+085 900 900
B0351+390 600 600 600 600
B0352+825 200 200 200 300
B0418+148 900 900
B0429+174 600 600 600 900
B0529+013 600 300 300, 600 500
B0638+357 900 900
B0732+237 600, 900 600 900, 900 900, 900
B0O817+710 600, 900 600, 600 900, 900 900, 900
B0819+082 600 600 600 600
B0824+355 900 600 600 600
B09054420 600 600 600 600
B1003+174 600 600 900 900
B1010+287 900, 600, 261 600, 600 900, 900 900, 900, 900
B1011+4496 200 200 200 300
B10584-245 900 900, 900
B1143+446 300 300 300 900
B1241+4735 200 200 200 200
B1317+199 600 900 900, 900 900, 900
B1628+216 300 300 300, 300, 300 10, 300, 300
B1642+054 600 900
B1722+4-562 300 300 300 300
B17444-260 300 300 300, 300 300
B1801+036 300 300 300 300
B1812+412 300 300 300 300
B18574630 500 300 300 300
B1928+681 600 600 600 520.2
B1947+677 600, 600, 900
B2101+664 300 300 300 300
B2112+312 600 600 600 600
B2150+124 600 600, 600 600 600
B2201+044 200 200 200 200
B22054389 900 900 900 900
B2210+085 300 300 300 300
B2247+140 300, 300 300 300
B2345+133 500 300 300 300
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Table 4.2: The 13 objects of the 55-source sample that still lack BVRI photometry data,
together with their POSS identifications (G — galaxy; R-BSO — red-blue stellar object; EF —
empty field), visual magnitudes and relevant extra optical information extant in the literature.

Source POSS id. V (mag) General information
B0046+316 G 15.0 BVRI; well studied Sy2; z=0.015
B0116+319 G 16.0 VJHK;, elliptical; z=0.0592
B0821+394 BSO 18.0 K; z=1.216
B0831+557 G 17.5 JHK; z=0.242
B0916+718 BSO 18.5 7z=0.594
B1150+095  BSO 18.0 UBV: QSO; 7=0.698
B1211+334 BSO 17.2 UBVRI+HST; QSO; z=1.598
B1212+177 RSO 20.0
B1233+539 BSO 19.0
B1342+341 BSO 19.5
B1504+4-105 odd 16.0
B1638+124 EF (21.8) rHK; compact gal; z=1.152
B2151+174 G 17.5 VI+I.R.4+HST; ¢cD Abell 2390; z=0.231

Table 4.3: Journal of observations with NOT of the parent sample. Dates: 1-2 Feb 2000. We
have observed 5 sources with BVRI photometry. The exposure times are in seconds.

Source B Vv R I

B0327+364 900 900
B03534-289 600 600 600 600
B0442+071 900, 900 600 900 900
B0554+589 600 600 600 600
B0635+351 600 600 900 900
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by the 15 Sep 2000 deadline (to observe in the Jan-Jun 2001 semester) if our WHT proposal to
be submitted by the 1st April deadline is rejected. As for WHT, we prefer the August-January
semester (in particular the period August-October) since this is generally less oversubscribed.
We also plan to do near-IR photometry of all sources (preferably) since the preliminary results
indicate that the vast majority are quite faint up to the I band. To get good photometric
redshift estimates we need at least to go up to the K-band. We will submit proposals to the
Telescopio Nazionale Galileo (TNG) and possibly also to the Calar Alto Telescopes (15th Sep
deadline), using either (or both) the 3.5m OMEGA or the 2.2m MAGIC. We should be able
to successfully observe the sample in two nights. UKIRT (in Hawaii) would be a possibility
but the fact that it cannot observe above 60° declination is a problem for our 0° < dec < 90°
sample, although not so for the majority of the objects (only nine out of the 5541 objects have
dec > 60°). To complete the BVRI photometry (13 objects left — Table 4.2) we can use the
IAC 80 cm or the JKT 1 m telescopes. All these proposals will be submitted to ask for CAT
time.

The team has discussed the prospects for observing the 55 objects with the Hubble Space
Telescope (HST). We will first use a list of positions of all 1665 parent sample objects from
JVAS/CLASS1 to see if any of these has been observed with the HST before (by cross-
correlating the positions with the HST archive). There are several cases that have been observed
for sure: over 7 cases of gravitational lenses in JVAS/CLASS]1 that are also in the parent sam-
ple. It may well be that we decide that the only relevant science that we expect, a priori, to get
from the HST with this 55-source sample might come from narrow-band observations of only a
few sources at a suitable redshift — we might then expect to detect optical/radio alignements
in our sources due to star-formation prompted by the radio jets from the interaction with the
ISM (e.g. (Capetti et al. 1996)). An argument against using CSO/MSOs to get this science
might be their ages (likely all younger than 10° yr). Nevertheless, there should be no such
problem with the NLR probes which constitute more than half of our 55-source sample.
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Chapter 5

The X-ray side

We overviewed the current and past status of X-ray missions: in the past, the main mission
by far, ROSAT, produced two main surveys: i) an all-sky survey (RASS) with sensitivity of
~ 107" erg/cm?/s; ii) a Pointed Observations survey covering ~ 10% of the sky with sensitivity
~ 107 erg/cm?/s. Unfortunately almost all sample sources have lower X-ray fluxes than the
limit of RASS. We should search for them in the Pointed catalogue, just in case we were
lucky. A strong detection in RASS was B2151+174 (Abell 2390). Future/undergoing surveys
will use new missions all with similar sensitivities at ~ 107 erg/cm?/s: i) Chandra/AXAF
(~ 1% of the sky); ii) Newton/XMM (~ 5% of the sky); iii) Astro-E (~ 3% of the sky).
Hence, unless we are lucky (we will still have to wait for a while — e.g. Newton will only give
results around 2002), we do not expect any sky survey to detect our sources. On applying
for time, we should not expect more than 2-4 targets awarded at a time (2 objects per day).
Hence, we must identify and classify them first (optically and with radio) and show them to be
somehow unusual before applying for X-ray time. Especially for ASTRO-E, the case should be
outstanding. Since most sources are bound to have structures on ~ 1”7 scales, Chandra is the
ideal instrument to apply for, especially because we must have a case where we actually expect
to see structure and not just a point X-ray source. Nevertheless, for some specific cases, we
may get away with a spectroscopic only proposal, since spectroscopy comes by default with all
imaging in X-rays. Only in the very distant future might we have all-sky surveys more sensitive
than ROSAT: i) ABRIXAS-2 (sensitivity ~ 1071* erg/cm?/s); ii) PANORAM-X (sensitivity
~ 107! erg/cm?/s); and perhaps other new missions.

As regards possibilities of X-ray detection for our sources with, for example, Chandra, the
fact that most sources likely have a luminosity peak at radio wavelengths does not imply that
the same will happen at X-rays. Our sources likely are just ‘ordinary’ (faint) in what regards
to X-ray emission. The fact that most are quite young (the CSO/MSOs) fights against the
possibility of detection of X-ray emission from them.

In general radio sources, there is a huge scatter in L,.4,/Lx (greater than 104). This is
especially true for QSO/radio-galaxies not dominated by beaming effects. When these effects
dominate, like in BL Lacs, then we can estimate the expected X-ray flux from extrapolation of
the radio synchrotron spectra.

The interests of X-ray information for our objects are several: i) together with the spectral index
information for our sources, compare radio-quiet and radio-loud objects, namely CSO/MSOs,
and check for evolution; ii) Ny (hydrogen column density) will give us information of the
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circumnuclear material; we might study the area where the jets come from and learn about the
inclination angle of the source; iii) study the (cluster) environment by finding extended structure
corresponding to gas around the host galaxy of our object; this might give us information about
the intracluster medium, and in some cases about the intergalactic medium as well.

As a summary of the ideal case for a proposal in X-rays for our sample: i) an arcsecond-sized
radio galaxy; this will likely excluded almost all CSO candidates and leave MSOs for study;
well-justified spectroscopy could be conducted for the CSOs; ii) the source should be embedded
in a cluster, so that we can predict the luminosity expected from the richness and redshift alone;
this should be easy to verify in the optical imaging data, picking out the cases where there is
a galaxy excess around the object; iii) for some specific objects, a good case might be made.

The nearest proposal deadline is for Chandra (June). This time, we should apply to observe
Hercules A if this source is not to be observed with Guranteed Time. Before the next deadline in
mid-2001 we should submit a proposal for the most interesting sources in the sample. We must
have the literature search on CSSs, etc. completed as well as the crucial optical information
(namely spectra) at hand. Finally, towards the end of 2001 we should submit a proposal for
XMM, mainly for getting spectra of the most promising CSO/MSOs, but these observations
will only be conducted in 2002, formally after the end of the project.
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Chapter 6

(General Discussion

There was a lengthy discussion on the variability and ‘a-problem’ issues. In particular, looking
back at Table 3.3 it is particularly striking the case of B1628+216, for example, which has an
‘old-a” of 0.16 and a ‘new’ one of 0.63 (see Appendix A). The agreement was that we should
really look into detail to each one of the fifteen cases in Table 3.3 on trying to explain these huge
jumps. Several explanations were put forward and need checking: i) the error bars in the old
and the new references might explain at least some ‘jumps’ — we must check them all and use
error bars for each of the ‘old’” and ‘new’ a and see if they are, or not, still inconsistent; ii) the
difference in beam sizes of the flux density measurement surveys might be a reason: for example,
(White & Becker 1992) used a beam 3—4 times larger than NVSS did; confusing sources might
have been included in the former survey, hence explaining the jumps from the steep to the
flat side (as in Figure 3.3). Finally, still related to this variability issue, it seems clear than
a new type of radio object exists: ‘sub-kpc’ steep sources (like the objects in Figure 3.3 and
Appendix B). Perhaps the Compact Steep Spectrum source class of object should be extended
from the traditional 1-15 kpc in size down to pc-scales. At least, if we use the strict a < 0.5
definition for CSOs.

We have also discussed the X-ray observing prospects for our sample and concluded that we
must to some a priori literature search among the few papers published about X-ray observations
of related objects like CSSs and such, if not CSO/MSOs themselves. We can hope to get some
flux predictions (most crucial) from this knowledge.

Sub-mm searches for the core of the 55 sources was put forward as an alternative to current mul-
tiwavelength radio projects. For example, the experience with one of our sources (B2151+174)
with SCUBA has detected emission that is mostly attributed to dust (not much service for the
core finding idea) since it is a bright radio source (~200 mJy). If there is no dust, probably
the detection is not possible and the core finding hypothesis does not work. If most objects in
the sample lie at z ~ 0.5-1.0, as it seems to be the case, then it is not likely that they will have
a lot of dust to be detected. However, the highest redshift objects in the sample may be well
worth a follow up.

We could conceivably do the same search we have conducted on the parent sample for other
samples like the Lockman Hole or the Galactic North Pole samples. For example, although
our sample is bound to ‘complete’ the statistics of CSOs at all scales, MSOs will still be a rare
‘beast’ (at least the largest ones). A good hypothesis would be to find such objects in those
samples since the data exist.
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Another interesting point is that our study of CSO/MSOs (with others currently being un-
dertaken) will reveal the density of CSOs in the Universe at given epochs, most crucial for
their evolution story. Maybe we can already get an estimate for VLBI CSOs for existing data.
Unfortunately CSO/MSOs seem to be rare and, for example, we do not expect to find any in
the small existing fields of deep X-ray surveys.

Finally, an overall sum up of source characteristics and X-ray/other prospects (mostly based
on the (Augusto et al. 1998)) classification of bright/faint core CSO/MSOs and ClJs): i)
sources close to the plane of the sky are likely unbeamed (probably the faint core CSO/MSOs)
and they will be excellent for the geometrical determination of the NLR sizes as described in
(Augusto et al. 1999); ii) beamed sources, likely all CJs and bright core CSO/MSOs, will not be
so good/easy to work for the NLR size determination but they will be the best candidates for
X-ray observations or, at least, for estimating their fluxes (extrapolating from their sychrotron
radio spectra) and put a case forward.
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Chapter 7

Conclusions and Future Work

For the near future (definitely inside the project period): i) several proposals in optical spec-
troscopy and imaging (BVRI4+L.R.); ii) VLBA 1.6/5 GHz dual frequency proposal; iii) single
dish 30-100 MHz proposals for all candidates for finding out where the turnover of their spectra
lies (for the vast majority this is not known); iv) VLA and MERLIN 22 GHz for a core finding
effort throughout the whole 55-source sample; v) reduce the extant OHP 1.9 m spectroscopic
data on a few of the candidates and parent sample sources; vi) in preparation of a future HST
proposal, browse the HST archive for all sources related to our work: the 55 sources (some
have HST data) and the 1665 sources of the parent sample (many are bound to have HST
data). We will start by using their known positions to write a program to go automatically
through the HST archive; vii) study the possibility of good science from sub-mm observations
of the 55-source sample, since they are all flat-spectrum sources — core finding may actually
be rewarding at these frequencies (also looking for obscuring dust); towards this aim, we must
first go through an archive like XXSCAN at [PAC, entering the list of positions for the whole
samples (both the main 55-source sample and the parent sample, for control) — since it is all
done automatically there is not much of an extra effort we then get the limits on the amount
of dust from IRAS 60um data (and perhaps finding dust for a number of sources!).

Other marginal things to be done in the near future: i) carry on with what we study in
Appendix B: determine the ‘new’ parent sample and compare with ‘all spectra’ kpc-sources; ii)
substantially improve Table D.1 by getting observation dates and placing all candidates in it,
including the ones which do not show variability and the ones with no data available in NED;
we must use fraccional variabilities; compactness vs. variability: when the table is completely
revised, we can split the 55-source sample into two: compactness follow up studies (non-variable
sources) and variability studies (variable sources); iii) produce a Table like Table E.1 for the
existing MERLIN+EVN 1.6 GHz data/sources; iv) check with Dr. de Bruyn when a WENSS
update takes place; v) ‘jump’ in a: use errors in aj® (new/old) before redoing the study; vi)
literature search for X-ray prospects from the 55-source sample; vii) on Appendix B try to fit
standard statistical distributions to the « distributions; viii) looking for the 55-source sample

or parent sample in X-ray: Pointed ROSAT catalogue.

For the far future (likely outside the project period): after we have all optical information
(spectral and photometric) on the 55-source sample, we should: i) get HST data on quite a
number of the ones that justify good science; ii) get VLA L-band observations for the one-sided
source candidates (see Appendix E) — bonus on the project; iii) VLA 74 MHz observations on

38



the whole sample to get overall spectra for synchrotron emission model fitting to all sources; iv)
we should put up an X-ray proposal by then, since we have stronger grounds for studying the
sources, e.g. the cases where a cluster or group of galaxies is seen surrounding a given object
of the 55-source sample; v) possibly a sub-mm proposal.

We are planning to have the next team meeting towards the end of the year (in Sep-Dec 2000).
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Figure 7.1: The updated workplan adapted from (Augusto et al. 1999). Note: * VLBA: 1.4/5
GHz + polarization. 40



Appendix A

Spectral index values (old and new)
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Table A.1: The revised af$® values for the 55-source sample from the newest surveys, not
available in (Augusto et al. 1998). In the Table, ‘old’ stands for results in (Augusto et al.
1998) and ‘new’ are the recalculations done in this report. (1): Source name; (2), (3): 1.4
GHz flux densities from (White & Becker 1992) and NVSS, respectively; (4), (5): 4.85 GHz
flux densities from (Gregory & Condon 1991) and GB6, respectively; (6): the spectral index
(a1$) calculated from (2) and (4); (7): the spectral index calculated from (3) and (5); in this
column we highlight the values that are larger than 0.5 and hence put the source out of the

sample.
(1) (2) (3) (4) (5) (6) (7)

Source S ST SfEs SIS off ol
(B1950.0) (mJy) (mJy) (mJy) (mlJy) (old) (new)
0046+316 270 293 254 302 0.05 -0.02
01124518 328 448 206 192 0.37 0.68
01164319 2826 2636 1571 1609 0.47 0.40
01274145 706 775 536 570 0.22 0.25
0205+722 842 670 560 528 0.33 0.19
02184357 1456 1708 1498 1480 -0.02 0.12
02254187 292 293 160 155 0.48 0.51
0233+434 431 510 246 243 0.45 0.60
03454085 248 243 192 207 0.21 0.13
03514389 160 198 191 208 -0.14 - 0.04
03524825 245 245 173 173 0.28 0.28
0418+148 460 500 310 309 0.32 0.39
0429+174 429 375 270 300 0.37 0.18
05294013 258 264 153 162 0.42 0.39
0638+357 340 372 197 212 0.44 0.45
0732+237 878 928 552 493 0.37 0.51
08174710 436 603 274 274 0.37 0.63
08194082 295 295 204 192 0.30 0.35
0821+394 1381 1481 1012 1031 0.25 0.29
0824+355 866 958 746 751  0.12 0.20
0831+557 7741 8284 5780 5740 0.24 0.30
0905+420 252 230 207 222 0.16 0.03
0916+718 384 491 292 295 0.22 0.41
1003+174 497 571 337 345 0.31 0.41
1010+287 612 642 331 323 0.49 0.55
1011+496 382 378 286 299 0.23 0.19
1058+245 416 457 231 210 047 0.63
1143+446 405 363 305 226  0.23 0.38
1150+095 737 810 500 432  0.31 0.51
12114334 1196 1404 649 627 0.49 0.65
1212+177 836 1011 620 501 0.24 0.57
12334539 392 458 215 212 0.48 0.62
1241+735 518 295 345 312 0.33 -0.05
1317+199 672 730 386 325  0.45 0.65
1342+341 262 270 154 148 0.43 0.48
1504+105 368 404 227 221  0.39 0.49
1628+216 300 509 245 232 0.16 0.63
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(1) (2) (3) (4) (5) (6) (7)
Source 94 WA P E N
(B1950.0) (mJy) (mJy) (mJy) (mJy) (old) (new)
1638+124 2066 2071 1292 1207 0.38 0.43
1642+053 659 552 393 363 0.42 0.34
1722+562 219 200 132 125 0.41 0.38
1744+260 385 349 261 263 0.31 0.23
1801+036 462 274 250 239 0.49 0.11
1812+412 644 724 534 517 0.15 0.27
18574630 263 296 164 160 0.38 <0.50
19284681 533 574 319 306 0.41 0.51
1947+677 264 — 165 — 0.38 - -
21014664 111 101 76 77 0.30 0.22
21124312 440 402 255 238  0.44 0.42
2150+124 422 432 264 290 0.38 0.32
21514174 282 236 241 220 0.13 0.06
22014044 784 467 747 653 0.04 -0.27
22054389 445 553 294 291 0.33 0.52
22104085 226 264 208 205 0.07 0.20
22474140 2127 1969 1177 1240 0.48 0.37
23454113 313 341 201 228  0.36 0.32
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Appendix B

The sample without spectral selection

If we turn down the spectral criterion of (Augusto et al. 1998) and select from JVAS/CLASS1
the sources with Sg4 >100 mJy, b”‘ > 10° (using the ‘old’ a4 values as in Table A.1) and
with kpc-scale structure (90 — 160 mas) — going back to (Augusto 1996) — we get a total of
99+55 = 154 sources (and obviously a proportionally larger parent sample than the 1665-source
one that we had before). Their a}-$® distribution is presented in Figure B.1. The distribution is
well-behaved (symmetric about o ~ 0.5), showing that the kpc-scale sources are a self-consistent
population of radio sources. We could not, however, fit it with the obvious gaussian distribution
using the statistical mean and standard deviation for its parameters (u=0.57; 0 = s,_1 =0.284,
for 153 sources, since one has no data) — rejected at the 95% confidence level, using a x?-test.
We will work on this in the future, trying to get the best possible approximation from standard
statistical distributions.

We should point out that the JVAS/CLASS are flat spectrum aimed radio surveys and they
bias against sources with af-$> > 0.5. This stands out in Figure B.1 by the fact that the
centre of the distribution is not sitting at the classic o ~ 0.7 of the general population of radio
galaxies (FRII, in particular) but it is centred on «a ~ 0.6, just off the limit of the « criterion
of (Augusto et al. 1998).

Nevertheless, we will determine in the future the new (extended) parent sample for the criteria
of (Augusto et al. 1998) without the spectral one, and conduct similar studies as the one in this
paper comparing the 154-source and the new parent samples. Most important will be the direct
comparison of the « distributions of both samples to make sure that the mean of Figure B.1 is
actually due to sample selection biasing from JVAS/CLASS and not to the instrinsic physics
of the kpc-sized population of radio sources. In this context, it is important to note the other
distribution in the same Figure: the one for a (new) since this is not gaussian or symmetrical
(it is actually skewed). It has a mean of §=0.50 and a standard deviation of s,,_; =0.283 (152
sources). It is actually interesting that this latter distribution looks as if it was centered on
a ~ 0.7 but got chopped by the JVAS/CLASS bias against steep sources. In this sense, is the
newer data making the 154-source sample more physical, given the conventional radio galaxy
knowledge?
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Figure B.1: White: The spectral index distribution (af%°) of the 154-source sample constructed
as in (Augusto et al. 1998) but regardless of the spectral index values of the sources (u=0.57;
$n—1 =0.28) — one source has no valid value so it was excluded. Black: Now the distribution
is with the new values (two sources with no data were excluded) — it is skewed (u=0.50;
$p—1 =0.28).
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Appendix C

55-source sample compactness at
5 GHz
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Table C.1: In this table we present the ~5 GHz flux densities of the 55 sources from GB6 and
MERLIN (Augusto et al. 1998), which has a beam ~ 1000 smaller than the GB6 survey. C' is
the compactness parameter for all sources determined from (Seps—SmErLIN)/Saps. Variability
has to be small or non-existent for C' to have any meaning. The more compact a source is, the
closer to zero is C': core-dominated, C' = 0; lobe-dominated, C' = 1. ‘neg’ means that the value
also turned out the other way around: likely truly variable sources.

Source SGBG SMERLIN C Source SGBG SMERLIN C
(B1950.0) (mJy) (mJy) (B1950.0) (mJy) (mJy)
0046+316 302 199 0.34 11504095 432 401 0.07
01124518 192 160 0.17 12114334 627 795 neg
0116+319 1609 1279 0.21 12124177 001 377 0.25
01274145 570 455 0.20 1233+539 212 256 neg
02054722 528 407 0.23 1241+735 312 175 0.44
02184357 1480 — — 13174199 325 283 0.13
0225+187 155 140 0.10 13424341 148 138 0.07
02334434 243 190 0.22 1504+105 221 201 0.09
03454085 207 113 0.45 16284216 232 194 0.16
03514389 208 117 0.44 1638+124 1207 993 0.18
03524825 173 164 0.05 16424053 363 265  0.27
0418+148 309 204 0.34 17224562 125 182  neg
0429+174 300 261 0.13 17444260 263 221 0.16
0529+013 162 152 0.06 1801+036 239 100 0.58
0638+357 212 193 0.09 1812+412 517 516 0.00
07324237 493 526 neg 1857+630 160 146 0.09
0817+710 274 298 neg 19284-681 306 341 neg
08194082 192 167 0.13 19474677 — — —
08214394 1031 — — 2101+664 77 103 neg
08244355 751 856 neg 21124312 238 220 0.08
08314557 5740 — — 21504124 290 215 0.26
09054420 222 124 0.44 21514174 220 191 0.13
0916+718 295 — — 22014044 653 254  0.61
1003+174 345 380 neg 2205+389 291 259 0.11
1010+287 323 268 0.17 22104085 205 179 0.13
1011+496 299 331 neg 22474140 1240 1235 0.00
1058+245 210 191 0.09 2345+113 228 173 0.24
11434446 226 199 0.12
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Appendix D

55-source sample variability
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Table D.1: In this table we present the flux density values at different frequencies only for the
21 sources that are ‘variable’: basically the ones that have data on the NASA Extragalactic
Database (NED) and show variability as discussed in Section 3.1.4. We have yet to make the
list of the other two types of sources from the 55-source sample: i) the ones for which NED has
no data at all; ii) the ones for which NED has data at some frequencies but they do not seem
to vary. We will build a table like the one here for such objects, also including observation
dates. For the two sources marked (*), the variability is known not to be secular since these
are well studied sources (one lens and one BL Lac). References: 1) NVSS; 2) (White & Becker
1992); 3) (Kiihr et al. 1981); 4) WENSS; 5) GB6; 6) (Bennett et al. 1986); 7) (Pauliny-Toth
et al. 1978); 8) (Owen et al. 1980); 9) (Zhang et al. 1997); 10) (Zhang et al. 1993);
11) (Becker et al. 1995); 12) 7C/6C (e.g. (Waldram et al. 1996)); 13) Parkes Catalogue
(1990), Australia Telescope National Facility, Wright & Otrupcek, (Eds); 14) (Pauliny-Toth
& Kellermann 1972); 15) (Griffith et al. 1995); 16) (Stull 1971); 17) (Kovalev et al. 1999);
18) JVAS (e.g. (Patnaik et al. 1992)).

Source Freq.  Flux density Ref.
(GHz) (mJy)

B0112+518 1.4 448 + 14
328 + 15%
B0116+319 0.318 3380 4 150
3941
B0127+145 5 570 + 50
662
B0205+722 1.4 670 + 21
842 + 15%
B0218+357* 5 1480 + 131
1160 + 10
2.7 1.14 £0.06 x 103
1.03 £0.02 x 103
1.4 1708 + 52
1456 + 15%
0.318 2460
1640 + 160
B0429+174 5 395
300 + 27
B0817+710 1.4 436 + 15%
603 + 19
B0819+082 5 114
192417
B0916+718 1.4 384 + 15%
491 + 18
B1010+287 1.4 612 + 15%
642 + 20
566 + 5%
B1211+334 1.4 1418
1196 + 15% 2
0.151  1.37+£10% x 10% 12
1.69 +£0.05 x 10> 12
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Source Freq. Flux density Ref.
(GHz) (mJy)
B1212+177 5 320 13
413 6
501 £+ 44 5
1.4 836 + 15% 2
1011 + 31 1
B1241+735 1.4 295 £ 11 1
218 + 15% 2
B1628+216 1.4 509 £+ 16 1
300 + 15% 2
B1638+124 5 1207 £ 107 5
812 6
1090 13
1.04 +0.01 x 103 14
B1642+054 5 363 £ 32 5
308 £19 15
278 6
B1722+562 0.151 1230 £ 50 12
920 12
B1801+036 1.4 274+ 9 1
462 + 15% 2
B2201+044 8.4 360 + 5% 18
0.45 +£7.7% x 10> 16
5 653 £+ 58 5
530 13
3.9 347 + 115 3777
508 + 5 17
2.7 800 13
450 £ 100 3
1.4 467 = 17 1
784 + 15% 2
1.0 13
B2205+389 1.4 553 + 17 1
445 + 15% 2
B2210+085 5 205 £ 18 5
153 +£13 15
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Appendix E

Searching for genuine one-sided CJs

This is a new part of the project, a bonus from our efforts of trying to understand the 55-
source sample. The standard model of AGN, as described in (Augusto et al. 1999), predicts
a supermassive black hole (SBH) feeding on galactic material which, in turn, is converted into
powerful twin-sided radio jets emitted as far as 1 Mpc from the nucleus of the galactic host
where the SBH lies. Indeed, there is overwhelming evidence for twin-sided radio sources, even
in cases where detecting the weak ‘counter-jet’ has been difficult. However, it is not excluded
the possibility that SBH can actually produce intrinsic one-sided radio jets. This situation is
only physically understood, due to preservation of momentum, if the SBH is actually moving
in the opposite direction of the jet as if propelled by it. What could these cases (even in
small numbers) imply for the standard model of AGN? would these ‘fast moving’ SBH have
any physical differences from the 'ordinary’ SBH? what are the typical hosts of these ‘flying
beasts’?

(Saikia et al. 1996) address the possibility of existence of such sources within the framework
of the standard model of AGN (by carefully examining one serious candidate). At the moment
all existing candidates have arcsecond sizes. There is no reason, however, why we should not
find candidates on sub-arcsecond scales: e.g. the 55-source sample. The facts are (Saikia et al.
1996): a typical radio galaxy with o ~ 0.8, v}/, < 0.6¢ and less than 45° inclined to the plane
of the sky has jet/counter-jet flux density ratio less than 30 : 1. If this ratio is found to be
much greater, then either its inclination angle is much larger than 45° (and unification does
not work, since the radio galaxy should then ‘turn’ into a radio quasar) or it is an instrinsically

one-sided source. Currently, there are no other alternatives.

The ideal wavelength for detecting the extended structure characteristic of radio jets (like blobs
and knots) is L-band (1.4-1.6 GHz). We have now such maps available for a portion of our
sample. As a preliminary study, we concentrate on the MERLIN L-band maps for 13 of the
largest sources in our sample (Figure 3.4). In Table E.1 we show the jet/counter-jet flux density
ratios for these sources, as well as their radio morphology (now as ‘twin-sided vs. one-sided’ as
opposed to ‘CSO/MSOs vs. CJs’) and optical data. Five out of nine CJs are candidates. No
CSO/MSOs is candidate (so far), as expected.

Of our five candidates, then, we must crucially locate their cores to be convinced that it is
worth to do some further studies in any of them. The optical data that we are to analyse soon
should tell us about the hosts of the five candidates and indicate if they are radio quasars (as
it is likely) and hence beaming effects explain the large R, or if they are radio galaxies which,
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Table E.1: In this table we present the jet/counter-jet flux density ratios (R) for the 13 sources
of our sample observed with MERLIN at 1.6 GHz (Figure 3.4). On top we show the five
candidate genuine one-sided radio sources (R > 30 : 1). Note that for these R is actually a
lower limit. R- BSO: red-blue stellar object (POSS); EF: empty field; G: galaxy. *We do not
really know where the core is for this object

Source L-band Opt. Id. P R
morphology (V mag) (old /new)

B0351+4-390 one-sided BSO (19.6) —0.14/—0.04 >40:1
B0821+394  one-sided?*  BSO (18.0) 0.25/0.29 > 350 : 17
B0916+4718 one-sided BSO (18.5) 0.22/0.41 >75:1
B16424-054 one-sided EF 0.42/0.34 >32:1
B2150+124 one-sided BSO (19.5) 0.38/0.32 >64:1
B0205+722  twinsided G (18.0) 0.33/0.19 1:1
B0429+174 one-sided EF 0.37/0.18 17:1
B0824+4-355 twin-sided QSO 0.12/0.20 2:1
B0831+557  one-sided G (17.5) 0.24/0.30 16: 1
B1011+496  onesided  BSO (16.8)  0.24/0.19 10:1
B1241+735  one-sided G (17.0)  0.33/-005  16:1
B1722+562 where is core? BSO (19.8) 0.41/0.38
B2101+664 CSO? RSO (18.0)  0.30/0.22 ?

52



together with identifying their cores, would make them quite interesting for further study. Of
course, it is important to quantify in how much the o < 0.5 in our sources would indicate
beaming effects as dominant, even if they all are radio galaxies. Ideally we should have o ~ 0.8
radio galaxies as stated above. It is still surprising that we see blobs so close to the cores in
one side and nothing at all in the other side. For any future follow up of strong cases, the VLA
L-band is the ideal instrument since it can put very strong limits on R (or finally detect the
counter-jet).

If we are successful we may tell a story about the size evolution of genuine one-sided sources,
by comparing the results from our sample with the ones from VLBI and VLA surveys (smaller
and larger scales, respectively).
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Appendix F

Very inverted spectrum sources

This is yet another bonus. At the moment not more than a list of the sources picked from
the parent sample that show very inverted radio spectra. These were actually chosen from a
subsample of 820 sources (JVAS/CLASS) presented in (Augusto 1996) and used for statistical
analysis. They are all point sources in the original VLA 8.4 GHz maps. Could they be bright
objects at sub-mm wavelengths?
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Table F.1: Very Inverted spectrum sources (with @ < —1). The 365 MHz flux densities come
from the TEXAS survey (Douglas et al. 1996) and the 8.4 GHz (plus polarizations) from the
(Patnaik et al. 1992)).

JVAS (e.g.

Source 0/11:25 a8:§65 8.4 GHz z Opt. Id. Comments
(old/new) polzn.

B0106+388 —0.94/ —0.92 < —0.40 0.1% 0.7 Gal. 5 GHz GPS (Snellen et al. on it)
B0740+76 -1.0/ — 1.2 Gal.? 10 GHz GPS ?
B1005+4-066 —0.94/0.01 < —0.32 10% 5-10 GHz GPS
B1404+286 —0.93/ —0.85  —0.76 0.7% 0.08 Gal. well studied 6 GHz GPS
B1423+146 —1.25/ —0.45 0.04 3% 0.78 QSO 5 GHz GPS
B1601+112 —1.30/ —0.93 < —0.11 3% 5 GHz GPS
B2005+642 —1.16/ — 0.26 1.57 QSO 10 GHz GPS
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Appendix G

The 100-object representatives of the
parent sample (optical)
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Table G.1: In this table we present the 100 objects randomly selected from the 1665-source
parent sample to be studied in the optical and to be used as ‘control’ for the 55-source sample.
Only 30 of the objects lack redshift information. Many have photometric information available
in the literature.

Source R.A. Dec. z Opt. id. Photometry Comments

(B1950.0) (J2000.0) (J2000.0) POSS (other) available

B00174200 00 19 37.85446 20 21 45.5695 (20.0) BVRI blazar

B0017+257 00 19 39.78134 26 02 52.3448 0.284 (15.4) BR + far IR fairly known radio

J0034+4390 00 34 01.60 39 00 20.9 EF

J0044+393 00 44 35.90 39 19 35.0 EF

B01064-013 01 08 38.7714 01 35 00.319 2.099 (18.3) VR well known

B0121+560 01 24 25.82647 56 18 51.9134 EF

B0140+120 01 43 31.09319 12 15 42.9472 20.5

B01584-031 02 00 40.81720 03 22 49.5016 0.765 (21.1)

B0242+238 02 45 16.85714 24 05 35.1893 20.5

B02514393 02 54 42.63160 39 31 34.7140 0.289 (17.0)

B0303+051 03 05 48.19157 05 23 31.5194 EF

B03074380 03 10 49.88050 38 14 53.8452 0.816 EF

B03274+364 03 30 34.76550 36 39 41.0339 EF

B03324+078 03 34 53.31830 08 00 14.4520 (21.5) Stickel et al (on chase 4+ Drinkwater)

B03534-289 03 56 8.46010 29 03 42.2768 19

B0406+121 04 09 22.00919 12 17 39.8465 1.02 (20.5) BVRIJHK

B04204-022 04 22 52.21501 02 19 26.9364 20

B04424+071 04 45 01.42928 07 15 53.9306 20.5

B05144+109 05 16 46.64626 10 57 54.7726  (2.347) (18.0) inconclusive redshift (Wills & Wills 7

J0554+689 05 54 00.80 68 57 54.8 21

B06124570 06 17 16.92290 57 01 16.4162 18

B0635+4-351 06 39 9.58868 35 06 22.5427 EF

B0718+4-374 07 22 1.25998 37 22 28.6279 18 raw spectra: OHP 1.9m

B0735+674 07 40 53.39840 67 19 8.2271 20

J0735+712 07 35 01.90 71 15 09.8 ? (17.4) spectra: Lau et al 98 (no good)

B07404+173 07 43 05.10666 17 14 24.4050 19

B07414+294 07 44 51.36551 29 20 6.0447 1.18 (15.9)

J0800+489 08 00 33.80 48 54 12.9 EF

B0805+010 08 08 04.34588 00 57 07.5817 19

B08234-033 08 25 50.3387 03 09 24.519 0.506 (18.5) well known (radio)

B0824+110 08 27 06.51335 10 52 24.1504 2.278 (18.5) UBVR + far IR well known

B0833+416 08 36 36.89322 41 25 54.7062 1.298 (17.2)

B0839+187 08 42 05.09444 18 35 40.9875 1.27 (16.4) fairly known (radio)

B0851+719 08 56 54.86951 71 46 23.8943 19

B0854+4-213 08 56 57.24453 21 11 43.6442 20.5

B0912+297 09 15 52.40015 29 33 23.9790 ? (16.0) UBVRIHK BLLac; bad spec. (Marcha et al 96);
raw: OHP

JO917+737 09 17 29.20 73 43 00.9 EF

B0922+4-407 09 26 0.42727 40 29 49.6727 1.876 (19.6)

B0946+181 09 49 39.76272 17 52 49.4223 ? 16 raw spectra: OHP 1.9m

B1004+141 10 07 41.49851 13 56 29.6010 2.707 (19.) U + IR

B10354046 10 37 39.33991 04 24 01.7493 19.5

J1035+557 10 35 44.40 55 42 51.8 EF

B1042+178 10 45 14.36053 17 35 48.0876 21

B1045+011 10 48 07.74540 00 55 43.4779 EF

B1049+215 10 51 48.78950 21 19 52.3485 1.30 (18.5) fairly known (radio)

B10554-018 10 58 29.6054 01 33 58.823 0.888 (18.3) HJKL very well studied (radio)

B1055+567 10 58 37.72617 56 28 11.1834  0.1447 (15.8) z=0.144: Bade et al 98;
z=0.41: Marcha et al 96

B1106+150 11 09 14.04395 14 44 52.9378 20.5

B11114-149 11 13 58.6954 14 42 26.951 0.869 (18.)

J1113+688 11 13 48.40 68 53 38.0 EF

B11214-325 11 24 3.01102 32 14 14.0607 EF

J11414-497 11 41 57.30 49 44 55.0 EF

B1150+4-812 11 53 12.5 80 58 28 1.25 (18.5) well known (radio)

J1151+4-589 11 51 25.10 58 59 30.8 EF

B1204+124 12 07 12.62454 12 11 45.8846 20

B1208+4186 12 11 06.68635 18 20 34.2570 20

B12124+171 12 15 03.97810 16 54 37.9356 20.5 on chase: Brinkman

B12224438 12 24 51.50593 43 35 19.2815 18
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Source R.A. Dec. z Opt. id. Photometry Comments
(B1950.0) (J2000.0) (J2000.0) POSS (other) available
B1226+638 12 29 6.02558 63 35 0.9862 (18.7)
B1320+394 13 22 55.66151 39 12 7.9842 2.98 (17.)
B1322+835 13 21 45.0 83 16 06 18.5 on chase: Stickel
B13314+094 13 34 19.56240 09 12 00.3655 21
B14014+000 14 04 12.12424 -00 13 25.1293 19.5
B1413+373 14 15 28.46657 37 06 21.1789 2.36 (18.)
B14214+048 14 24 09.50169 04 34 52.0587 (18.0)
B14214-482 14 23 6.15619 48 02 10.8466 2.22 (18.9)
B1424+240 14 27 0.39510 23 48 0.0410 ? 16 VRI featureless spectra (Marcha 95);
well known
B1428+422 14 30 23.74175 42 04 36.5027 4.715 EF(20.9) 3rd fartest QSO!
B14334304 14 35 35.40150 30 12 24.5284 EF
B1436+373 14 38 53.61102 37 10 35.4244 20
B1509+348 15 11 20.10480 34 39 32.6621 EF (22.5)
J15344586 15 34 56.30 58 39 28.8 1.895 (19.)
B1546+027 1549 29.4371 02 37 01.164  0.413 (18.) vgr very well studied (radio)
B1607+563 16 08 20.75183 56 13 56.3728 18.5
B16424-690 16 42 7.84860 68 56 39.7580 0.751 (19.2) far IR very well studied (radio)
B1643+113 16 45 54.67508 11 13 52.6366 EF
B1657+265 16 59 24.14917 26 29 37.0184 0.795 (18.)
B1726+552 17 27 23.46926 55 10 53.5449 18
J17274587 17 27 32.40 58 46 29.0 19.5
B1746+197 17 49 05.47453 19 44 08.8515 17.5
B1749+096 17 51 32.81889 09 39 00.7306  0.322 (16.8) VRIJHK well studied
B1752+4356 17 54 13.67609 35 40 48.5488 0.55 17.5 QSO
J17574+479 17 57 28.40 47 57 30.9 EF
B1803+784 18 00 45.6 78 28 03 0.68 (17.) JHK+12-100u  very well studied (radio)
B1807+279 18 09 11.97952 27 58 11.8073 1.76 (17.5) IRAS
B1825+269 18 27 55.42709 26 58 5.9228 20.5
J1841+676 18 41 42.20 67 40 07.9 EF
B1846+4-322 18 48 22.09068 32 19 2.5472 19.5 on chase: Brinkman
B1850+402 18 52 30.37400 40 19 6.6006 2.12 (18.5)
J1903+-515 19 03 12.10 51 30 42.9 EF
B1926+611 19 27 30.44283 61 17 32.8767 18 on chase: Stickel
B1950+573 19 51 6.98368 57 27 17.1945  0.652 (18.0)
B2007-+777 20 05 30.9 77 52 43 0.342 (16.5) BLLagc; very well studied (radio)
B20154+083 20 18 11.31215 08 31 54.5533 EF
B2049+175 20 51 35.58342 17 43 36.9145 19
B2051+4-687 20 52 0.24770 68 58 15.7320 20
B2112+283 21 14 58.33397 28 32 57.2055
B2358+189 00 01 08.62256 19 14 33.8160 3.10 (20.5)
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