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Abstract. We use the RATAN-600 radio telescope for picking up the most distant objects
in the Universe. As a first step, about 100 steep spectrum FRII radio galaxies (SS FRII RG)
from the RATAN-600 RC catalog (Parijskij et al., 1991; 1992) were mapped by the VLA and
identified with optical objects down to 24-25 R mag. All the VLA images and all the deep CCD
images of the RC SS fields, collected up to now, are given. An updated list of calibrators with the
known redshifts of the same SS FRII class RGs was compiled to estimate photometric redshifts,
redshifts from angular size — redshift relations and by the radio “standard candle” method. The
mean redshift of the RC SS FRII RG list happened to be greater than 2. BV RI photometry
was made, and by standard model fittings we estimated “color” tedshifts and the ages of stellar
systems of the parent gE galaxies in 14 cases. Several objects were found in which active star
formation began in the first billion years after the Big Bang. We believe that more than 10000 of
such old active galaxies are available on the sky and all of them are in the range of present day

optical and radio facilities.
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1. Introduction

In the experiment “Cold” conducted at the RATAN-
600 radio telescope in 1980-1981 a strip of the sky,
24-hours long and 0.3 deg wide, centered at “the sky
object No.1”, SS433 (declination about +5%) was ob-
served at frequencies from 1 GHz to 22 GHz. The
best receiver at 3.9 GHz had an rms sensitivity of
about 3-5 mJy (1-2 mK) per beam in a single daily
scan. About 100 daily records were collected for the
whole 24-hours right ascention range. The “coldest”
part of this strip has been observed practically every
year ever since. In these selected regions of the strip
about 300 daily multi—frequency scans are available
at present. We had in mind a threefold goal.

e Very deep cross—cut of the Galaxy and 55433
monitoring.

e Cosmic microwave anisotropy experiment on
all scales down to a resolution limit of 1 arcmin (up
to 1=3000 Legandre term).

e Detection of discrete radio sources at a flux
density level below the lowest one, reached by Effels-
berg group in 1979 (14 mJy at 6 cm).

The results related to the first two objectives were
discussed by Parijskij and Korolkov (1986). The pre-
liminary results on the source statistics were pub-
lished by Berlin et al. (1984) and discussed also by

radio galaxies: general — observations — cosmology

Parijskij and Korolkov (1986). The first catalog of
the radio sources discovered at the most sensitive fre-
quency, 3.9 GHz, after the first year of monitoring
the “Cold” selected area in two azimuths (0°,30°)
appeared in (Parijskij et al., 1991; 1992) under the
name RC (RATAN-600 Cold). 1145 objects down to
a few mJy were included in the list, most of them
being new ones, having no identification in any pub-
lished radio, infrared, optical, X-ray catalogs (Bursov
et al., 1993). Great efforts were made to improve the
positional accuracy of the catalog and final errors of
about 4.5 arcsec were reached for objects in the cen-
tral part of the strip. It means that the RC catalog
has an area of the error box by an order of magnitude
less than that of Zelenchuk Sky Survey (Z) (Amirkha-
nian et al., 1989) and Green Bank (GB) Survey with
a flux density limit of RC catalog by a factor of 5-10
deeper. About 20% of sources (with steep spectra or
strong enough) were successfully identified with the
UTRAO objects (Reich et al., 1991), but most of the
sources waited for much better position information.
The RC catalog fills the gap between the very deep
sub—mJy class VLA and WSRT surveys of very small
regions of the sky and GB and Z class surveys of very
large areas. There are many interesting directions of
investigation of radio sources in this gap. As a first
step, we decided to use the RATAN-600 for picking
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up the most distant population of radio sources in the
1-50 mJy range, where the log(N/Ny) - log(S) curve
has maximum slope. Now it has been proved not only
by theory (Longair, 1974), but also by direct redshift
measurements in different flux density regions from
Jy to puJy populations. To get maximum information
about distant radio sources discovered in the exper-
iment “Cold” the BIG TRIO project was suggested
(Goss et al., 1992,1994), and we describe here the
present status of that project. The RATAN-600 is
used as one of the best wide field searching survey
instrument, the VLA — as the best imaging system,
the 6 m Russian optical telescope — as one of the
world best instrument for deep optical identification
and spectroscopy. In the first two Sections we present
the method of preliminary selection of candidates for
the very distant objects from the radio surveys which
we use. Then we give all the VLA maps obtained up
to now for the selected RC object fields and all avail-
able optical CCD images of these fields. Next Sec-
tion is concerned with our first attempt to estimate
redshifts of the identified objects and ages of stellar
population of the parent galaxies. Astrophysical as-
pects of the results obtained up to now we give in the
last Section together with some future prospects of
the project. Apart from the program connected with
picking up the most distant galaxies, several other
programs based on the RC catalog are in progress:
variability of radio sources at the RC catalog flux lev-
els (practically unexplored) on time scales from 1 day
to 15 years, complete spectral information and selec-
tion of physically different subgroups of radio objects,
including QSRs, BL Lac, UCSS and GPS objects. We
hope to contact with VLA, VLBI, X-ray and other
Investigators at some step of data reduction to get as
much information as possible. We shall publish the
results of these next steps of the RC catalog data re-
duction as soon as they appear.

2. Strategy of radio selection of distant
galaxies

It is clear now for all groups, working with Early Uni-
verse objects, that blind optical searches for high—
redshift objects are very inefficient (it is better to say,
have a zero efficiency) and we have to find some pre-
liminary selection rule of picking up the most proba-
ble candidates and only then we can ask for very ex-

pensive observing time at big optical telescopes. All -

attempts to escape the step of preliminary selection
were a failure. Direct spectroscopy of all objects in the
fields of the best optical telescopes up to m; = 22.5
gave the median z = 0.56 and none with z > 1.4
(Crampton et al., 1995). In the famous 3C catalog
only one object has z > 2, and the mean z = 0.57.
The same situation is with the IRAS, Einstein and

ROSAT data, the mean z of even weak populations
in these catalogs is much smaller than 1. Optimiza-
tion of the radio flux density range only was not of
great help. Even in the “deepest” range, 1-50 mly,
VLA attempts to compile a list of 2-10 mJy sources
at 6 cm gave the mean z = 0.1 only. Recent com-
bined radio-optical record in the deepness of the sky
survey (8.8 uJy in radio, 25.6 R, mag in optics) was
unsuccessful again: the mean z of 7 measured galaxies
(I < 20.5 mag) being only 0.25 with estimates that
for fainter objects (I < 22.5 mag) visible by HST
and associated with pJy population of radio sources
z should be lower than 0.8 (Windhorst et al., 1995).

The main cause of this situation may be explained
in the following way. Even in a non-evolving Universe
the number of sky objects of any nature at z > 1 is
smaller than that at z of about 1 because of geome-
try of every not very empty Universe. For the radio
Universe this is discussed, e.g. in J.Condon’s review
(1988). Practically, only very luminous objects can be
observed at very high redshifts in optics (and in radio
as well), which have spatial densities by a few orders
of magnitude lower than normal galaxies. It means,
that the expected angular separations between po-
tentially observable objects (say, 1-2 deg, see below)
are two orders of magnitude greater than the field
of view of any big instruments (about 1 arcmin for
HST and VLA). (The situation may be better only
in an empty Universe and only when R = 27 — 28
objects can be observed spectroscopically (Yoshi and
Peterson, 1991), or with the next century generation
of very wide field instrumentation in Astronomy and
Radio Astronomy.)

Several selection rules have been proposed in the
last decade. These include:

¢ Looking around distant QSOs at the pre-
scribed z as deep as possible (Djorgovski method,
Djorgovski et al., 1985).

e Use of Lyman « forest in the absorption spec-
tra of the most distant QSOs and identifying absorp-
tion features of individual galaxies.

e Method of selection of z > 3 objects with Ly-
man continuum cut—off appearing in the optical do-
main.

e Looking for 100—micron peak of IR emission
from dusty galaxies, shifted in the submm-mm-cm
region. This gives a way practically unlimited by dis-
tance (K-correction is strongly positive for these ob-
Jects and dominates over the “distance” losses, see
Parijskij and Korolkov, 1986).

But in reality, the rule of preselection of steep
spectrum FRII objects happened to be far more ef-
ficient than any others (McCarthy, 1993). In some
sense, due to a new role of that class of radio sources,
classical radio astronomy of Cygnus—A type objects
now experiences the epoch of “Second Birth”. Indeed,
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it was well known even in the 50s that the most pow-
erful class of Cygnus—A type radio sources can be
detected at very high redshifts. The main barrier was
not an instrumental, but psychological one: up to the
80s it was generally adopted in astronomy that the
epoch of galaxy formation can not be much earli-
er, than at z = 1. The last decade have drastically
changed this point of view. In the summer of 1995,
the absolute record of the published highest-z galax-
les was z = 4.41, which is close to the QSR record,
z = 4.46. Whereas the QSO record was 5.2. In the late
70s, it was realized that steep spectra radio sources
are most difficult to identify with optical objects, they
are very often invisible on the POSS prints. Later
it was proved that they are at the greater redshifts.
Since that time a radio preselection of SS RG has be-
come the main and practically incompetitive tool in
the attempts to find the most distant galaxies. Ex-
cept a few galaxies found by methods 2 and 3, all 200
galaxies with z > 1 were discovered through the SS
RG approach. Kapahi and Kulkarni (1990) suggested
that the strong recomendation of Longair (1974) to
use FRII RG should be combined with the steep spec-
trum selection rule and demonstrated the efficiency
of this approach. In the BIG TRIO project we have
added two criteria:

e Optimization of the flux density range of the
selected radio sources.

e Optical identification program may be about
100% efficient if we take into account that (from the
experiment) the radio luminosity is as a rule lower
than optical.

Moreover, only for the FRII RG this ratio is ap-
proaching 1 and can be used for classification of ob-
jects prior the spectroscopy or morphology investi-
gations. QSRs have far stronger optical luminosity,
being about the same in radio power. FRI, Sy and
normal galaxies have much lower radio power, being
only slightly less luminous in optics.

Many investigators point out that up to now on-
ly in radio galaxies it has been possible to observe a
good enough spectral content of the light from stellar
population. And it is possible to trace back the his-
tory of the stellar population and recover the epoch
of the beginning of the star formation, the most im-
portant parameter for cosmology. It is interesting to
note here that in some sense the FRII SS approach
is the “antipode” of the classical Tinsley way of se-
lection of very young objects with signs of the first
burst of star formation. Here we are looking for the
oldest stellar systems at the high redshift. Indeed, the
following properties of the FRII objects are normally
suggested.

1. Parent galaxies are of gE type with a very ad-
vanced stellar evolution history.

2. Being the most powerful radio emitters, they
should have the most advanced giant black hole evo-
lution history, which includes the process of normal
star formation in the protogalaxy, formation of the
very dense central star cluster, growth of black hole
from stellar mass to half billion solar masses, through
Eddington limited QSO activity.

3. FRII-class radio sources belong to the objects
with the most advanced radio structure, not only be-
cause of the big sizes (up to a few Mpc), but also
because of the large energy content in the bubbles,
accumulated during a rather extended period of nu-
clear activity.

4. Steep spectra normally appear due to the ag-
ing of the relativistic electrons in the bubbles. It also
takes time.

5. Most popular cosmological alternatives of
galaxy formation suggest that such objects as giant
ellipticals of 10'2 solar masses may appear through
multiple (10* times) merging process in hierarchical
cosmology or they have to wait the completion of frag-
mentation process of protocluster cloud. Both vari-
ants have finite time scale.

There are also several important observational “mar-
vels” in FRII class. Let us recall them.

e Being the most powerful population of the ra-
dio sky, with the present—day facilities they can be
detected at any distances up to the recombination
epoch.

e In the optical domain they are much more
luminous than any other galaxies (only QSOs are
brighter) and also can be observed with the best
present—day optical instrumentation up to z = 5—10.

e As we demonstrate below the “standard can- .
dle” method can be used to estimate redshift of
these objects with a 7-10 % accuracy up to at least
z=15-2.

e Direct redshift measurements are much easier
owing to the strong narrow lines with a line luminos-
ity about equal to the luminosity in the continuum.
It means that if an object is identified its redshift is
also measurable.

o Angular sizes of the gE are normally 2-5 arcsec
at z ~ 2 and ground-based optical facilities can be
used as well as space-borne, the latter may be very
efficient in the imaging of these objects.

3. Redshift estimations

Only a few quanta per minute can be caught from
a high-z galaxy even of the gE class. That is why
we have to be as carefully as possible in the final se-
lection of candidates for the first generation galaxies.
No more than 1-2 of such weak objects per night can
be investigated spectroscopically by the best optical
telescopes. In this Section we discuss different ways
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Figure 1: K — z relation

of preliminary estimation of redshift after the optical
identification of objects which in its turn remain in
the list after the radio selection process. The last step
will be related to the “age” selection by multi-color
photometry and only then we can go to the deep spec-
troscopy of candidates for the objects with the closest
to the Big Bang epoch of the first star formation. On-
ly a few percent of the original catalog can survive in
that long way...

3.1. Photometric redshift calibration

It has been known for over 10 years that up to z =1
the gE, responsible for the FRII radio galaxies type,
can be considered as the “standard candle” in R and
K bands with very small dispersion in absolute mag-
nitudes (e.g., R = —23.2 &+ 0.3 (McCarthy, 1993).
Physical reason for this is unclear, but it helps greatly
in estimation of redshift with an accuracy up to 7%
without spectroscopy. At higher redshifts, in which
we are interested here, the situation is not so good.
But at least in the K—band, less sensitive to the young
stellar population, there is a strong relationship be-
tween K mag and z. To demonstrate this, we have
collected all the published data and show them aver-
aged in several redshift bins in Fig.1.
A simple linear fit yields

K = (21.33£0.09) + (4.6 £ 0.16) x log z

with a correlation coefficient R = 0.995 for all the
objects with 0.5 < z < 4.41.

Such a simple behaviour of the K — z relation
has not been understood either as yet — it is not
easy to compensate all z—dependent effects of differ-
ent signs, such as luminosity evolution and Geome-
try of the World, K—corrections even for non—evolving
spectral energy distribution (SED) etc. If only K mag
was available, (as in our project up to now), we used
K—calibration and R — K color index, slowly variable
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Figure 2: R-K color index vs 2
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Figure 3: R — z relation

with z, as it is shown in Fig. 2. The final R—z relation
is shown in Fig. 3.

The present—day R — z—calibration curve differs
slightly from the curve we have used in our previ-
ous publications (Kopylov et al., 1995a,b). Here we
present the SS FRII R — z-calibration curve from
Dunlop et al. (1989) for 0 < z < 1.5 and updated
points for the 2 < z < 4.41 part of the curve, which
include the last year records. Linear regression gives
the following solution:

R = (21.90 £ 0.12) + (3.68 £ 0.28) x log z.

This curve was used in the calculation of the photo-
metric redshifts. We estimate that the accuracy of the
z > 3 part of the curve is not better than 30% because
of the small statistics and (very possibly) higher real
physical dispersion in the early galaxy stellar content
because UV from short-living stars penetrates into
the R band.
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Figure 4: Fluz density vs redshift

3.2. Radio “standard candle” method

If we collect all information about the “flux density—
redshift” relation for the SS FRII RG we can realize
that there is a correlation between these values, which
can be used for z—determination, see Fig. 4.

It can be shown (Kopylov et al., 1995a,b) that
there is a very small dispersion in the radio luminosi-
ties of all high-z doubles discovered so far and list-
ed, e.g., in the Nilsson et al. (1993). If we select the
SS FRII RG subgroup, the dispersion will be even
better, all 17 well studied objects in that list have
logL(erg/s) = 45.61 % 0.35. It means that, in princi-
ple, we can try to use that class of radio sources as
“standard candle” of about a maximum radio lumi-
nosity observable in the nearby Universe. There are
certainly many selection effects which can mimic the
“standard candle” situation, but even in this case z
estimations from radio flux may be useful. We can un-
derstand the fact as follows. The FRII class has nor-
mally a radio luminosity “not greater but very close
to” the upper limit for any radio objects. It is a mys-
tery that this limit is just the optical luminosity of the
parent galaxy. The fact that the lobes energy content
of the FRII RG is very close to M., where M, is the
critical mass of black hole, 5- IOSMQ, at which its lu-
minosity reaches the Eddington limit, is much more
understandable than the correlation with normal star
population in old galaxies. Only in the case when the
ratio of mass of the nuclear black hole to the mass
of galaxy is equal to the ratio of efficiency of stellar
interior nuclear reactions to efficiency of black hole
gravitation energy release we can expect some corre-
lation of the kind observed. It is interesting that the
real situation is not far from this.

For the “standard candle” there is a well known
(e.g., Longair, 1974) model-dependent expression,
connecting the flux density and the redshift. For

LAS, ARCSEC
5 3 8 ¥ B
1 1 1 1 1

o
L

REDSHIFT
Figure 5: L.A.S. — 2z relation

Qo =1, Ay = 0 it looks as follows:
S = Po/{(4c*/H)[1 — (i — 2)~/?)(1 + 2)'*7),

where P; is the radio luminosity, Ho is the Hubble
constant, « is the spectral index, S ~ v~%. We calcu-
lated S(z) behaviour for the FRII RG-like Cygnus-A,
(see Parijskij and Korolkov, 1986). The SS FRII RG
objects as well as Cygnus—A can be observed with
the RATAN-600 at any redshift even in the transit
mode and very easily with the VLA, where long in-
tegration times can be used. This formula makes it
possible to estimate redshift from the “radio Hubble”
S — z relation.

3.3. Redshifts from the LAS

The redshift-angular size relation for the “standard
rod” case has been discussed in radio astronomy since
1958 (Hoyle, 1959), but no agreement between radio
astronomers on its behaviour either from the observa-
tional point of view or from the theoretical interpre-
tation has been reached so far. As was stressed most
strongly by Kapahi (1986), there is linear “log 6-
log 2” relation, and only the Euclidean Universe can
explain it. The Dutch group (Windhorst, 1984; Oort,
1987; Neser, 1995) suggested the linear size to be
variable with z, which compensates the effects of the
General Relativity Theory (GR). Kellermann (1993)
and Gurvits (1993) indicated that sub-galactic dou-
ble VLBI structures follow the standard GR predic-
tions. Using RC sample, we feel that there may be two
populations of FRII doubles: the one that follows GR
predictions and may not be due to the differences in
the surrounding medium. We do not want to get into
this problem, but just present the observational data
collected for the FRII SS RGs, see Fig. 5, which we
used as a secondary redshift calibration curve before
direct spectroscopy.
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Figure 6: Redshift vs spectral index

3.4. “Color” redshifts

“Radio colors”, the shapes of spectra of radio sources,
are used by numerous groups for preselection of dis-
tant radio populations and, as we have discussed earli-
er, we use this information in the first selection step.
A few years ago we realized, independently of oth-
er groups (e.g., Oort, 1987), that inside steep spec-
trum populations there is a statistically meaningful
redshift-spectrum index correlation. We demonstrate
it in Fig. 6.

The simplest physical interpretation of this corre-
lation is “spectrum curvature effect” (e.g., Soboleva
et al., 1977) .

There are several suggestions in literature for us-
ing multi—color optical photometry for redshift esti-
mations (Benn et al., 1988). This calibration may be
used up to z = 1 with an rms error less than 15%. For
greater z there are no observational calibrations yet
and we decided to use the predictions from the avail-
able evolutionary models for our class of gE galaxies.
The results of this approach are given below.

4. Ages of the parent galaxies

Even with direct spectroscopical redshifts, we have to
find a way of estimating the epoch of parent galaxy
formation, the most crucial value for evolution of
galaxies. It will be recalled here that gk, related to
the FRII RG in a first approximation, look like radio
quiet gE, and only careful morphological and spectro-
scopic studies may reveal some peculiarity. In QSOs
the stellar population light is much lower (< 1%) than
that of a nuclear excited region, and classical stellar
system evolution models can not be used to trace its
history back to the moment of the first burst of star
formation. We collect now all suggestions related to
the problem of age of FRII RG parent galaxies.

4.1. Age from radio data -

1. Statistics approach (Schmidt, 1966). If all gk
pass through the RG phase, the mean age of the RG
can be estimated from the equation '

T/T, = Nrg/N,

where T is the age of the RG, T, is the age of the gE,
(close to the age of the Universe), Ngg, the spatial
density of the RG, N, the spatial density of the gE.

2. The age from L.A.S.: the minimum value Is
just the linear size of the radio structure divided
by the velocity of bubble expansion. In the early
60s it was suggested that v/c for the bubble ve-
locities is close to 1 (Ryle and Longair, 1967). But
later it became clear that it is not the case, and
v/c < 1 (Parijskij and Soboleva, 1980) and the value
of v/c = 0.03 — 0.05 is much closer to reality. X-ray
data confirm the low—velocity solution.

3. The age from the energy consideration:

t = B/(dE/dt),

Bubbles energy content

~ Eddington nuclear luminosity limit’

_4. The age from the spectral breaking due to the
electron aging in the magnetic (or CMB electromag-
netic) fields is found from the equation:

fbreak = B_st—ZGHZ:

where B is the magnetic field strength in Gauss, ¢ is
the age in years (e.g., Kellermann, 1973).

The detailed multi-frequency mapping of the

‘bridge between bubbles can also be used to estimate

the breaking frequency in the regions far from the
main source of relativistic electron generation, that is
from the “hot spots”, even if this fact is not well visi-
ble from the integrated spectrum (Daly, 1992, 1994).
In our case of the most distant objects it should be
remembered that for very extended RG the Compton
losses dominate over the synchrotron ones and the age
of a radio structure depends strongly on the redshift,
because the density of the CMB energy increases as
(14 2)*. In our case of SS FRII RG it is generally be-
lieved that the very fact of steep spectrum indicates
that we are dealing with an old radio structure. We
collected all information about the radio spectra of all
RC objects, and it can be used to estimate the age
of their radio structures. This method is equivalent
to the optical one from multi-color photometry (see
below).

4.2. Optical age estimates

There are several models of evolution of the synthet-
ic spectra of the stellar population of early galaxies

|
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Table 1: Redshifts and ages of the RC radio galazy subsample

Name 5t Zee Zph  ZLAS  Zsp  Zmn_ Zsf Zgo Tee Tmn Tsp Tong Ty
0837+0446 0.4 2.3 1.2 3 1.0 19 24 50 17 21 16 13 07

06 27 1.2 3 1.0 20 28 75 14 20 14 10 04
093440505 0.9 34 3.9 3 1.3 29 76 233 11 13 04 07 01

1.1 1.7 39 3 1.3 25 7.0 30 22 15 04 18 1.2
103140443 09 06 12 1.0 23 13 19 09 49 29 20 45 39
115240449 1.1 1.2 14 3 1.0 16 29 19 31 24 13 27 21
121940446 09 24 12 05 26 17 27 56 16 23 14 12 06
133340452 1.1 12 14 05 4 1.9 35 19 31 21 10 27 21
135740453 0.9 06 05 23 10 11 16 09 49 33 24 45 39

11 05 05 23 10 11 1.7 07 54 33 22 50 44
143640501 035 1.2 21 21 28 21 25 19 31 19 15 27 21
151040438 1.7 06 14 3 1.0 15 43 09 49 25 08 45 39
1626+0448 0.6 2.7 1.5 3 28 25 39 75 14 15 09 1.0 04
164640501 1.7 0.6 06 20 19 13 31 09 49 29 12 45 39

170340502 06 3.0 1.9 3 25 26 41 107 12 15 09 08 0.2
09 20 19 3 25 24 47 39 19 16 07 15 09
174040502 09 04 1.2 3 24 17 29 06 60 22 13 56 5.0
04 38 1.2 3 24 26 33 999 09 15 11 05 0.0

2013+5080 0.33 25 04 27 10 17 20 61 15 23 20 1.1 05

from the very beginning, that is from the moment r1/4 and this is confirmed by accurate photometry of
of the first “star burst”. We used the Chambers— gE.

Charlott calculations (1990) for the SED, but oth- Spectroscopy methods. There is some problem in
er models can be used as well. These models predict separation of age and chemical abundances. Recently
the UBVRIK fluxes as a function of age using the it has been found that Balmer—y line 4340 A (Jones
improved Bruzual method. Our BV RI photometry = and Worthey, 1995) can be used to separate these

results were used, and an agreement with model pre-  effects. For our selected SS FRII objects this line is
diction can be achieved by proper adjusting of the  expected to appear in K—band.
redshifts and ages. We illustrate the process in Fig.7 In Table 1 we have tried to use all kinds of the

(p-33). at the end of this paper. In this figure posi-

: . . . redshift estimates mentioned in Section 3 to find the
tions of optical photometrical (BV RI) points on the

) . ; epoch of formation of gE, responsible for the FRII
SED curves for the different ages of radio galax1e§ are  RG. Ages, calculated with the Chambers-Charlott
estimated using the least square method for the tab-

ular defined functions (Verkhodanov, 1996). The best
model fittings, defined by the minimization of the sum
of squares of discrepancies, are shown in Fig.7 and
used in Table 1.

Morphology studies can also be used to estimate
the “dynamical age” of the stellar system. The relax-
ation time for the system can be estimated from the
Chandrasekhar formula:

model (1990), were used to estimate the epoch (and
redshifts) of the last burst of star formation. Mean
value happened to be z,; = 3.3 (corresponding to the
first Gyr after the Big Bang) with a big dispersion.
The time of the galaxies formation for the FRII class
of objects may be estimated from zgg, if we take in-
to account the extra time needed to form giant black
holes (3 x 10® solar masses), working as the energy
sources of these objects. In classical theory this timeis
determined by the fundamental constants only, being

trelas = (2/3)1/2 0.4 Gyr. We used this value to estimate independent-

2 )
3rGmnA ly the epoch of the beginning of central black hole
where A = In(n/2). For the central dense stellar clus- formation in our objects. Normally, we have to wait
ter the following values are usually adopted: m = for about 3 galaxy rotations before the central star
1Mg,n = 10/pc,v = 225 km/s. It gives treap =  cluster may be formed, where a black hole can find

3. 108 yr. The relaxation of the whole giant galaxy the fuel. Inspite of the great uncertainties, all these
system takes a few rotation periods, that is about values are not extra-ordinary ones and will be checked
0.3-0.6 Gyr. ‘ later by direct redshift measurements.

It is generally believed that in the relaxed (old) In Table 1 z. is the estimated redshift of the
systems the surface brightness of the galaxy drops as RG using Chambers—Charlott (1990) models for SED

—
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of gE and 6t is the appropriate age (Gyr) of star
population for the best model fittings of the ob-
served BV RI fluxes, T,. is the corresponding cos-
mic time (Gyr) of the radio source (for the flat Uni-
verse, Ho = 75 km/s/Mpc), zpp is the photometrical
z, zLas is z estimated using the object radio size,
z5p Is z estimated from the “spectral index-redshift”
relation, zmn is the mean of all types of redshift esti-
mates (2ph, Zec, ZLAS, Zsp), Tmn 1s the corresponding
cosmic time of the radio source, z; is the redshift
of the beginning of the last burst of star formation
in the RG, T;y is the corresponding moment in Gyr,
Tyh, is the time of the beginning of the giant black
hole formation in the galactic centre (see the paper),
24, is the redshift of the galaxy gas component for-
mation, which happened 3 galaxy rotation periods
carlier than the black hole began to appear, and Ty,
is the corresponding cosmic time.

4.3. Age of FRII RG and the black hole evo-
lution time scale

Beginning from the pioneer Hills work (1975), it has
been generally believed that radio activity began af-
ter the maximum luminosity stage of the black hole
evolution. In his evolution picture, the time of growth
of a primary black hole of about 10 golar masses in
the central dense stellar cluster to about 3.2- 10°Mp
(when maximum optical luminosity is reached) de-
pends on the fundamental physical constants only:

tedd = UTompsonC/47er = 04Gyr

Here m is the proton mass (see Rees, 1984).

After that time the energy resources depend not
on the internal processes in the central cluster, but
mainly on the outside accretion rate, the time scale
of which has not been so well determined and may
be triggered by the gravitational interaction with the
nearby galaxies.

We shall collect time scales of all processes for the
well studied subsample of RC objects later, getting
all information we need from the radio and optical
observations of radio galaxies from our list.

4.4. Coming back to recombination epoch

Star formation process can begin only after the col-
lapse of protogalaxy cloud from rarefied state to a
density, comparable to the density of the Milky Way,
about 1/cm?®. It takes time. Peebles (1980) uses the
formula

tmas = (67Gpy(tmas)) ™%,

(where pp is the barionic density of the Universe) to
estimate the time required to reach protoobject maxi-
mum size in the expanding close Universe, after which
it will be gravitationally isolated from the expanding

surroundings and may collapse to the density, ade-
quate for the star formation process. As was men-
tioned by Gurevich and Chernin (1983), this time is
exactly the same, as that, spent for the expansion.
Before the moment t,,qz the density of the protoob-
ject relative to the mean surroundings increases as
1/(1+ z), but up to the redshift

z=(3/5)-(1+1/Q)

only. It means that for small Qo (0.03 from He/H
abundance) a maximum possible relative density in-
crease from recombination (z = 1000) is about 30
(Peebles, 1980). This discussion will be used later in
attempts to playing back the evolution of protogalax-
ies down to the recombination time, for which we have
some observational restriction from the RATAN-600
(and some from the USA) anisotropy experiments.

5. VLA maps of the selected RC objects

In this Section we present all available radio images
of radio sources from the RC catalog. All maps were
made with the help of the VLA at different configu-
rations. All the radio data, obtained from the VLA
maps, RATAN-600 observations and from literature,
are collected in Table 2.

Column 1: The source name according to
RATAN-600 RC catalog.
Columns 2,3: Right ascension and declination of ob-
jects for the epoch 1950.0 determined from the VLA
observation.
Column 4: The VLA beamsize, in arcsec.
Column 5: The VLA central frequency, in MHz.
Column 6: The largest angular size of the source mea-
sured between peaks of components in arcsec.
Column 7: The angular size of the components of the
source, in arcsec.
Column 8: Flux densities of components at the VLA
central frequency, in mJy. -
Column 9: Total flux density of the object at the VLA
central frequency and an expected one from the inte-
grated spectrum of the source (in brackets), in mJy.
Column 10: The extrapolated flux density of the ob-
ject at 3.9 GHz, in mJy.
Column 11: Spectral index (S ~ v~%) calculated by
least square fit, rejecting points strongly falling out.
Columns 12,13: Galactic longitude and latitude.
Column 14: The limiting optical magnitude calculat-
ed from the condition: optical luminosity equals to
radio luminosity (see Section 3.2 of the paper).
Column 15: Structure classification: P-point, Ext-
extended, Df-diffuse, CJ—core with jet, C—core, WC-
weak core, BC-bright core, D-double, T—triple, M-
multiple; FRII-Fanaroff-Rily II type structure. The
sources marked with asterisk have individual notes
below the table.
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VLA maps of the selected radio sources are shown
in Fig. 8 at the end of the paper (p.48). The scales in
arcsec are shown by bars.

Notes on indinidual sources

00294-0509: The identification given by Lawrence et
al. (1986); stellar source B=20.0, R=19.0, shifted by
0.6 arcsec from the radio position.

00344-0514: The shape of the object suggests “pre-
cession” ¢ Tect.

0039+4-0454: Lawrence et al., 1986 also give on POSS
an empty field at the radio source position.
00424-0504: Probably a quasar.

00434-0502: The same as in the case of 0039+0454.
0103+0524: Chigo (1977) identified the source with
a V=19.5 magnitude optical object.

012640502: Probably a quasar.

01434-0505: The first optical candidate is probably
a quasar, the second one is the galaxy near the N-
component of the radio image.

02264-0512: Probably a quasar.

0234+40446: The source was identified by Bugaenko
et al. (1993), U=18.4, U~-B=-0.7, B-V=0.3, V-R<
-0.6. According to Veron-Cetty, Veron (1993) this
quasar with V=18.5 is at the redshift z = 2.06.
0318+0506: In Lawrence et al. (1986) the source
seems double, the NE component is lost on the VLA
snapshot map.

0324+0442: This source is identical to the USS
source 03214045 observed with a better resolution
by Rottgering et al. (1994). Our bright component is
split on three ones marked in the CCD image (Fig.9).
The middle component is the brightest one. It coin-
cides with our bright component within 0.5 arcsec.
03434-0458: The centroid of the double source of
UTRAO catalog is between the two listed compo-
nents, although the position of the second compo-
nent is under a question. The redshift of the source is
z = 0.358 (Spinrad et al., 1985). Veron—Cetty, Veron
(1993) gives for this galaxy V=19.17, B-V=0.35, U~
B=-0.5.

0446+0525: The weak core is possible. Accoriding
to Lawrence et al. (1986) the field is also empty.
0505+0459: According to Bugaenko et al. (1993) the
colors of the source are U=19.0, U-B=0.0, B-V> -
0.2.

0519+4-0510: Complicated structure, indicating ei-
ther precession of object or repeated activity which
leads to the second ejection from a core.

0619+0506: Bad cleaning of the VLA map. It’s dif-
ficult to determine the source structure.

0621+0437: Bad cleaning of the map. The centroid
of the asymmetric double source of the UTRAO cata-
log (R.A.= 6719™13°.71, Dec= 4°40'04".33) is shift-
ed to NE. Weak extended structures are lost on the
VLA maps with a high resolution, so the real radio
structure of the object most likely differs from that

in the mentioned map and in Lawrence et al. (1986).
An empty field on POSS of Lawrence et al. (1986)
agrees with our statement. The VLA data with the
45 arcsec resolution at 1400 MHz (NRAO/VLA Sky
Survey (NVSS) radio source catalog) show two radio
components (see Table 2). The centroid of this source
coincides with the UTRAO coordinates. The object
is identified with the optical galaxy with mg equal
approximately to 18.5.

0653+4-0508: This source is a point one in Lawrence
et al. (1986) and in UTRAO catalog. Identification in
Lawrence et al. (1986) agrees with the mentioned one
in Table 2.

075940454 Empty field is not excluded.
0809+4-0500: The source is identified with the one
of three unresolved galaxies. On the POSS some fila-
ments emerged from this galaxy are seen.
090740439: Identification in Lawrence et al. (1986)
agrees with the mentioned one in Table 3.
0937+40450:

The centroid of the double UTRAOQO catalog source
has R.A.=9"34™33°.356, Dec= 5°03/38".58, so the
extended component and possibly the second one are
lost on the VLA map. Only one component is on the
mentioned map.

0949+-0454: The position and the radio image of the
source have been taken from Lawrence et al. (1986).
The identification agrees with ours.

1016+0514: The source in Lawrence et al. (1986) is
a point one and identified with the stellar object with
B=20.0, R=20.5 shifted by 0.3 arcsec from the radio
source.

104540455: Empty field on POSS is in agreement
with Lawrence et al. (1986).

1049+4-0506: The source was identified with the
quasar with V=18.94, B-V=0.24, U-B=-0.88 at the
redshift z = 1.115 (Veron-Cetty, Veron, 1993).
1102+40459: The double source in the UTRAO cat-
alog (with centroid R.A.=11"00m11%.117
and Dec=5°03'38".58) is situated near the weak
point component (R.A.=11"00m11°.02 and Dec =
5°15'21”.19) which most likely is a core of this ob-
ject. There is only the NE component on the VLA
map.

1124+0456: Bad cleaning of the VLA map. Weak
extensive details are possibly lost.

1131+4-0455: The well known gravitational lens.
1145+0455: Bugaenko et al. (1993) identified this
source with the object with U=18.5, U-B=0.2, B~
V=0.0, V-R< 0.5. Veron-Cetty, Veron (1993) give for
this quasar V=19.5, the redshift z = 1.342.
1148+40459: The central component is a core with a
jet. This source is a cometary one in Lawrence et al.
(1986). Identification (empty field on POSS) agrees
with ours.

1154+40431: Probably a quasar.

1218+40515: Complicated structure source. The
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source 1s elongated in one direction; probably a core
exists.

1226+4+0438: The centroid of the asymmetrical
double source from the UTRAO catalog has
R.A.=12"24™21°.94, Dec=4°45'40".84, so only SE
component of the object is possibly seen on the VLA
map. That’s why the identification in Lawrence et al.
(1986) with the stellar object with B=21.0, R=20.5,
shifted by 0.4 arcsec, is probably unreal.
1239+4-0443: The identification in Lawrence et al.
(1986) (empty field on POSS) differs form ours (see
Table 3). :

1257+40458: Bad cleaning of the VLA map. The real
image of the object is unknown.

1340+4-0448: The point source coincides with the
IRAS source in the box of errors and with the optical
galaxy REIZ 3561 (MCG +01-35-028; ZWG 045.068).
13474-0435: Bad cleaning of the VLA map; compli-
cated morphology.

1356+40457: Complicated structure; there are two
bright components. The object is identified with the
galaxy NGC 5364 (Hummel, 1980; Dressel, Condon,
1978; Condon, 1987).

1424+0442: Identified by Bugaenko et al. (1993)

with the object with U=18.0, U-B= —0.3, B-V=0.2, _

V-R=1.0.

14364-0501: Complicated structure; precession of
the object is possible.

1446+0507: Bad cleaning of the VLA map. Extend-
ed structure of the object is possibly lost. The identi-
fication of Lawrence et al.(1986) (empty field) differs
from ours.

1526+0514: Bad cleaning of the VLA map. The cen-
troid of the double UTRAO catalog source has R.A.=
15"23m30%.515, Dec=5°20'41".1. This source has a
cometary structure in Lawrence et al. (1986) and the
identification is also an empty field.

1543+-0452: Bugaenko et al. (1993) give for the iden-
tified object U=15.1. It is Zwicky galaxy.
15504-0524: Veron-Cetty, Veron (1991) give for this
source z = 1.422 and V=17.7.

1559+4-0502: Bad cleaning of the VLA map. There is
a bright core with weak components around it.
1616+4-0459: Veron-Cetty, Veron (1991) give for this
quasar V=19.5 and redshift z = 3.209.

16584-0514: Although the source is double, the sec-
ond component is very weak, so this object is either a
core with a jet or these are two independent sources.
Veron-Cetty, Veron (1991) give for this quasar red-
shift z = 0.879, V=16.54, B-V=0.46, U-B=-0.6.
This quasar is also an X-ray source.

1728+0429: The source is identified with a quasar
with V=16.99, B-V=0.44, U-B=-0.56 at the redshift
z = 0.293. This source is also an X-ray source (Veron-
Cetty, Veron, 1993).

175440459: The position and the radio image of the
object have been taken from Lawrence et al. (1986);

they give an empty field or possible identification with
the object with m = 17.5. Our measurement demorn
strates the reality of the last identification.
1806+40527: The coordinates and the radio map o
the source have been taken from Lawrence et al
(1986). The source may be a core with two jets o
a double source of FRII type.

1829+40451: Side by side is the object with
R=20.0 with the coordinates: R.A.=18"27™30°.78
Dec=4°5025".3.

2029+40456: Lawrence et al. (1986) identified thi
source with the fuzzy object, shifted by 1.4 arcsec
with B=21.0, R=20.5.

204440444 Bad cleaning of the VLA map.
2110+40505b: Borisov (1991) identified this sourct
with the quasar with z = 2.95.

211640507: This source is identified with a quasa
with V=20.37 at the redshift z = 1.001. The sourc
radiates in the X-ray band (Veron-Cetty, Veron
1993). '
2117+40503: Identification of Lawrence et al. (1986
(empty field) agrees with ours.

2204+40442: Bugaenko et al. (1993) identified thi
source with the object with U=12.6, U-B=0.4, B
V=1.9, V-R=0.8. Veron-Cetty, Veron (1993) give fa
this galaxy V=15.2, B-V=1.0, U-B=0.22 and tk
redshift z = 0.098.

2144+40513: The first optical candidate is probabl
a quasar, the second one is a galaxy.

2224+40513: An extended component is possibls
lost. Lawrence et al. (1986) give for this source a
empty field.

222540523: This source has a cometary structur
in Lawrence et al. (1986); the identification with
the stellar object shifted by 0.3 arcsec with B=18.0
R=18.5. Veron-Cetty and Veron (1991) give the red
shift z = 2.323. 2245+4+0501: Bugaenko et al. (1993
give for the identified object U=19.3, U-B= 0.0, B-
V=0.3, V-R=1.5.

2258+0517: Lawrence et al. (1986) give for thi
source an empty field.

2320+4-0512: The source is identified with the quasa
with V=19 at the redshift z = 0.623 (Veron-Cetty
Veron, 1993).

2343+0520: Lawrence et al. (1986) identified this
source with the stellar object shifted by 0.9 arcse
with B=19.5, R=20.0.

6. Optical identification of RC objects.
POSS and 6 m optical telescope CCD
observations

6.1. Inspection of the Palomar (POSS) prints

Before deep optical observations with the best in Rus
sia facilities, we examined the prints of POSS as care
fully as it was possible and developed different vari
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ants of position measurements, adequate to the sim-
ple facilities available. As a result, we achieved sub—
arcsecond accuracy of positioning optical objects at
POSS even at the limiting magnitudes. Recently, we
got access to the INTERNET system and realized
soon the efficiency of standard international APM sky
catalog facilities to contact with POSS glass copies.
But we should say that in some cases the results of
optical identification through APM gate may be mis-
leading:

¢ Weak objects and objects in the crowdy fields
may be missed.

e We don’t have very repeatable results of the
positioning for weak objects, which amounts to 1 arc-
sec.

¢ For close pairs only centroid position is given
and identification is not possible. That is why we pre-
serve our own method of resolving the uncertainties
if they appear.

The results of the identifications done with the
help of POSS are listed in Table 3. As we expect-
ed, only a small part of the RC population is visible
on the POSS (most of them are flat spectrum). It
confirms the status of the 1-50 mJy population as
the most distant one. Steep spectrum population was
selected from the unidentified object list and was ob-
served (after VLA mapping) with the 6 m telescope.

6.2. 6 m CCD images

In this Section all available CCD images of the fields
around the RC steep spectrum objects are collected.

The procedure of observations consisted of the re-
ceipt of two or more snapshots for each object with
the 400°-600° exposures with the small (10"-20")
telescope shift between exposures to garantee a possi-
bility of correcting CCD defects and “ghosts” of resid-
ual luminescence left by bright stars. After that snap-
shots were summed up with their corresponding reg-
istration by common objects. Snapshots of the bright

25

twilight sky were used for pixel to pixel correction
of the nonuniformity of the CCD response. To make
this the telescope was directed on blank sky areas free
from bright stars and shifted between exposures also.
The standard stars from the Landolt lists (Landolt,
1983, 1992) were used for photometric calibration.
The data reduction was done with the ESO-MIDAS
and partly with the PCVISTA package. The detailed
description of CCD is given in the paper of Kopylov
et al. (1995b).

CCD images of the selected radio sources are
shown in Fig.9 at the end of the paper (p.79).

Positions of the radio source components are
marked with big crosses, the central core components
(if present) are marked with small crosses and posi-

tions of the radio centroid are shown by points.
6.3. Results of optical identification of the RC

catalog objects

In Table 3 we give:

Column 1: The source name according to the
RATAN-600 RC catalog.

Columns 2,3: The right ascension and declination of
the candidate for optical identification for the epoch
1950.0.

Column 4: The observed optical magnitude in R-
band. Asterisks denote the magnitude estimates made
using the E-plates of POSS.

Column 5: Correction for absorption by the Galaxy
dust in R-band estimated from Burstein and Heiles
(1982).

Column 6: R-magnitude corrected for absorption in
the Galaxy.

Column 7: Difference between limiting optical mag-
nitude calculated from the condition Lyaq = Lopt, (as
it’s given in Column 14 of Table 2) and R-magnitude,
corrected for absorption in the Galaxy.

Columns 8,9: Right ascension and declination posi-
tion difference of the optical candidate and centroid
(or core) of the radio source, in arcsec.

Table 3: Results of optical identification of the RC catalog sources

RC name R.A.opt Decopt mg | Agr | mg | mym-mg | A R.A. | A Dec
1 2 3 4 5 6 7 8 9
h m ] o i " m m m m " "
00154-0503a - 00 123749 +44959.5 22.0 0.10 21.9 1.8 -1.8 0.1
00154+0503b 00 124441 +447140 214 0.10 21.3 0.9 0.6
001540501 00 12 48.68 -+44442.1 206 0.10 205 2.2 1.6 -8.5
00 1248.42 +444529 20.7 20.6 2.1 -2.2 2.3
002940509 00 26 29.10 +4 52 59.8 18.i* 0.03 18.1 1.1 -0.1 -0.2
003440513 00 3131.62 +45826.1 23.3 0.03 23.3 -1.2 -0.7 0.1

B
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1 2 3 4 5 6 7 § [ 9
h m s 0 / " m m m m " "
003840449 00355999 +43421.6 21.2 <0.03 21.2 0.7 -08 -0.1
003940454 >20.2* 0.00 >20.2
004240504 00 39 52.37 +4 48 58.7 19.0 <0.03 19.0 31 30 -1.1
004340502 >20.2% 0.00 >20.2
010340524 >20.2* 0.10 >20.1
010540501 010259.12 +44506.8 22.2 <0.03 22.2 08 3.1 -13
0102 58.70 +445104 22.3 22.3 0.7 -3.1 23
011040500 01073790 +44351.5 194  <0.03 19.4 26 56 04
0107 37.68 +44348.2 19.8 19.8 2.2 23 -29
011740503 01 15 06.48 +4 47 02.9 21.0 0.03 21.0 3.1 11 -03
012640502 01 23 40.27 +4 46 35.8 18.1 <0.03 18.1 44 18 0.7
013340459 0130 45.19 +44357.2 21.8 <0.03 21.8 05 14 1.0
013540450 013301.25 +43315.3 18.4 <0.03 18.4 35 -02 0.2
013740539 0134 39.89 +519 39.6 23.3 <0.03 23.3 -1.0 03 0.7
014340505 0140 57.60 +45253.4 206 <0.03 20.6 19 -15 -1.3
0140 57.65 +4 5256.9 20.3 20.3 22 -0.8 22
015240508 0149 52.52 +45151.7 19.9* 0.10 19.8 2.5 -66 -0.3
015240453 0150 20.40 +4 39 42.2 22.6 0.10 22.5 0.0 -27 0.3
015340455 >20.2% 0.10 >20.1
015440459 015211.18 +44442.0 22.6 0.10 22.5 06 -02 0.0
015940448 01 56 59.42 +4 30 58.9 20.9 0.10 20.8 1.8 06 -0.8
0209+40501a 02 06 35.77 +4 46 42.1 18.5* 0.10 18.4 46 00 0.6
0209+40501b 02 06 45.00 +4 47 33.0 22.8 0.10 22.7 1.0 1.7 -02
021340516 02 1059.18 +504194 22.1 0.10 22.0 -06 -1.8 0.5
02 1059.35 +50421.1 22.5 22.4 -1.0 08 2.2
021540522 >20.2* 0.10 >20.1
022540506 02 22 32.47 +4 55 06.6 22.1 0.03 22.1 0.1 -04 0.2
022640512 02 23 42.82 +43304.4 20.1 0.03 20.1 2.0 02 -0.1
023440446 02312999 +43335.4 18.0* 0.10 17.9 1.1 -0.7 -0.2
02504-0512 >23.0 0.15 >22.8 <-0.9
030240456 03 00 18.84 +4 43 38.9 24.6 0.30 24.3 -1.7 03 03
030840454 >23.0 0.35 >22.6 <-0.7
031140507 03 09 09.89 +4 56 43.6 22.9 0.40 22.5 -1.2 01 15
031840456 0316 01.28 +4 30474 24.0 0.30 23.7 24 23 -09
031840506 >20.2* 0.40 >19.8
031940504 >20.2% 0.30 >19.0
0324-+0442 0321294 +43127.1 22.4 0.30 22.1 05 -14 07
034340458 03 40 51.47 +4 48 21.6 18.2* 0.45 17.8 14 1.7 4.6
035040506 >20.2* 0.54 >19.7
035540449 03 52 34.39 +4 31 57.0 24.2 0.42 23.8 -2.9 -09 02
040640453 04 03 48.18 +4 39 50.1 24.9 0.41 24.5 -24 -07 04
042740457 04 25 08.59 +4 50 30.1 19.1* 0.50 18.6 0.0 05 -03
044440501 04 41 38.70 +4 55 55.2 23.0 0.41 22.6 -04 04 -06
044640525 >20.2* 0.30 >19.9
045740452 04 55 14.66 +4 49 19.7 19.4 0.23 19.2 32 -64 59
045840506 04 55 36.12 +4 59 43.6 15.1 0.28 14.8 71 -1.2 1.1
045940456 04 56 25.03 +4 51 25.5 20.9 0.23 20.7 1.5 -73 -5.0
04 56 25.27 +45127.4 22.1 21.9 03 -36 -3.0
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Table 3: Results of optical identification of the RC catalog sources (continued)

1 2 3 4 ) 6 7 8 9
h m s 0 i " m m m m " "
05605+0459 05 0243.79 +4 55 40.7 18.2%  0.27 17.9 03 -08 0.2
050640558 05034546 +5 04 21.5 21.6 0.27 21.3 0.9 -15 0.4
051940510 0516 35.10 +5 11 45.7 20.9 0.59 20.3 14 -12.7 -40
0516 37.10 +5 11 38.3 17.3 16.7 50 172 -114
0552+0451 >25.5 1.68 >23.8 <-1.6
061940506 >20.2% >2.0 >18.2
062140437 06 19 13.75 +4 40 02.2 18.5* >2.0 <165 >b5.0 0.6 -2.1
062140452 >20.2% >2.0 >18.2
062540437 06 23 12.71 44 37 28.9 19.8¥ >2.0 <178 >2.7 -0.2 0.1
064640439 >20.2* >2.0 >18.2
0646+-0449 >20.2* >2.0 >182
065340508 >20.2* >2.0 >18.2
07074-0455a >20.2* >1.0 >19.2
0707+40455b 07 05 06.66 +5 00 11.8 19.0¥ >1.0 <18.0 0.8 -1.3
0707+40455¢ >20.2* >1.0 >19.2
074340455 07 40 36.58 +5 03 03.6 23.6 0.12 23.5 -0.6 0.6 0.8
074440500 >24.5 020 >243 <-1.2
075640450 >25.0 0.07 >249 <-1.0
075940454 07 57 04.35 +5.03 26.0 20.0% 0.10 19.9 27 -05 -1.8
080940500 08 07 08.25 +5 10 04.0 14.3*  0.03 14.3 7.4 2.9 2.5
0820+0454 08 18 18.18 +5 03 50.2 19.3 0.00 19.3 2.0 1.1 -0.2
083640511 08 34 09.52 +5 23 37.9 22.6 0.00 22.6 -09 -1.2 1.8
08 34 09.54 +5 23 33.8 24.2 24.2 -25  -09 -23
083740446 08 34 51.25 +4 54 53.0 22.2 0.07 22.1 04 -04 1.2
084540434 >20.2*  0.03 >20.2
0845+0444 08 42 53.22 +4 53 53.0 214 0.09 21.3 0.1 -0.9 0.1
090240444 08 59 49.46 +4 55 01.6 17.9*%  0.00 17.9 29 -0.1 0.0
0906+0459a >20.2%  0.03 >20.2
0906-+0459b >20.2*  0.03 >20.2
0906+0459¢c 09 03 35.92 +51219.2 19.2*%  0.03 19.2 0.5 1.1
090740439 >20.2%  0.00 >20.2
090840451 09 05 43.29 +5 03 08.3 19.6 0.00 19.6 3.2 3.5 -0.1
09094-0445 09 07 13.48 +456 374 20.6 0.08 20.5 1.8 -0.5 0.4
092740457 09 25 07.91 4509 19.8 16.9*  0.00 16.9 5.8 -0.6 0.9
093440505 09 3148.17 4517 11.0 24.1 0.06 24.0 -1.1 -0.6 0.3
093640504 >20.2%  0.00 >20.2
093740450 >20.2*  0.00 >20.2
094240441 >20.2* 0.00 >20.2
094240447 >20.2*¥  0.00 >20.2
0945+0454 >20.2%  0.00 >20.2
094940454 >20.2* 0.00 >20.2
101140502 10 09 28.02 +5 21 04.6 22.4 0.00 22.4 -0.2  -2.0 0.6
101540452 >20.2*  0.10 >20.2
101640514 10 13 26.66 +5 28 00.4 19.1*  0.10 19.0 -0.2 0.5 -0.1
103140443 10 28 42.96 +4 58 33.8 22.2 0.06 22.1 -1 -0.1 0.3
103840514 10 36 10.83 +5 28 06.5 18.7*  0.00 18.7 0.0 -0.1 -0.1
104340443 10 41 10.69 +4 56 10.8 23.0 0.00 23.0 -0.1 6.1 -1.9
10 41 09.74 +4 56 03.3 23.4 23.4 -05 -81 -94
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Table 3: Results of optical identification of the RC catalog sources (continued)

1 2 3 4 5 6 7 8 9
h m s o / " m m m m " "

104540455 >20.2% 0.00 >20.2

104940506 10 46 56.56 +52124.9  18.9* 0.00 18.9 25 -11  -0.2

105140449 >20.2*  0.00 >20.2

105740456 >20.2%* 0.10 >20.1

110040444 10 57 36.17 +50007.9  18.0* 0.10 17.9 29 -07 -04

110240459 1000 10.99 +51522.8  19.8%* 0.00 19.8 1.8 -05 1.6

1103+0451 1101 14.38 +50801.3 157 0.00 15.7 74 A8 -0.7

1113+0436 11112383 +45419.2 224 0.10 223 0.3 -34 -1.0
11112291 +454197 231 230 -04 -17.1 -04

112340450 >20.2% 0.10 >20.1

112440456 1122 02.72 +51248.0 17.1* 0.00 17.1 3.2 <1.0 <02

112540446 >20.2%  0.00 >20.2

113140455 >20.2% 0.00 >20.2

114240429 1139 3469 +45411.5  152* 0.03 152 60 00 -05

114240455 1139 45.84 +51134.7 21.0 0.00 21.0 08 11 -20

114540455 1142 47.10 +51206.1  18.7* 0.03 187 1.1 -05 -0.2

114640458 1143 57.58 +51459.2  19.8* 0.03 = 19.8 03 -01 0.3

114840455 >20.2* 0.03 >20.2

115040459 >20.2* 0.03 >20.2

115240449 1149 49.68 +50455.6 225 0.07 224 08 -09 -1.3

115440431 11521958 +44054.2 199 0.00 19.9 09 07 -07

115540444 11524532 +50013.1 186 0.07 18.5 40 -12 24

121340500 121055.68 +51651.3 21.8 0.00 21.8 0.3 49 04

121840515 >20.2¥ 0.00 >20.2

121940446 1217 08.50 +503364 220 006 21.9 14 235 -264
1217 11.68 +50301.0 17.6 17.5 58 71.2 -61.9

122140504 >20.2* 0.00 >20.2

1226+0438 >20.2% 0.00 >20.2

123540452 12323422 +50951.1  18.3* 0.00 18.3 38 -33 -05

12354+0435a 1233 13.72 +448299 217 0.06 21.6 0.1 -0.2

1235+0435b 1233 16.57 +44927.6 215 006 214 1.3 07 09

123940443 1236 59.93 +45933.0 19.0* 0.00 19.0 03 05 -03

125740458 >20.2¥ 0.00 >20.2

131840436 13 1557.70 +445558  19.9* 0.00 199 -16 08 -0.1

132240449 13193170 +50431.0 204 0.06  20.3 24 21 29

1333+0451 13 3032.30 +50708.8 234 005 23.3 07 08 0.3

133340452 1330 54.80 +507209 233 0.05 23.2 0.2 21 -03

133940445 1337 06.52 +51015.5  22.7 0.06 22.6 02 03 -04

134040448 13 37 55.88 +50135.2  10.0+ 0.00  10.0 0.8 -0.4

134740441 13443769 +457149 235 006 234 06 12 -1.8

134740435 >20.2%  0.06 >20.1

135140437 >20.2% 0.03 >20.2

135640457 13 53 41.27 +51546.8 10.0* 000 100 123 1.1 -9.8

135740453 1355 06.46 +50751.8 208 0.00  20.8 1.0 09 23

142440442 1421 38.86 +44826.1  18.6% 0.00 18.6 06 -1.1 0.0

142940501 >240 006 >239 <-1.8

143640501 14340492 +51513.3 229 006 228 -03 39 25
1434 05.08 +51510.9 224 22.3 02 63 0.1
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Table 3: Results of optical identification of the RC catalog sources (continued)

1 2 3 4 5 T 6 7 8 9

h m s 0 i " m m m m " "

143940455 >25.0 0.06 >249 <-2.1

144640507 14 43 48.26 45 20 14.6 19.3*  0.00 19.3 23 00 0.0

145040509 >20.2*  0.00 >20.2

145440440 >20.2*  0.03 >20.2

150340502 >20.2*  0.03 >20.2

1503+0456 15 01 30.14 +5 08 30.4 22.8 0.00 22.8 -04 02 -03

1510+0438 15 07 42.97 +45051.8 22.1 0.06 22.0 0.3 -0.5 0.1

151840451 >20.2*%  0.03 >20.2

1562140434 1518 44.61 +4 41 04.6 20.0%  0.00 20.0 -1.2 -1.8 -1.5

152640514 >20.2%¥  0.00 >20.2

154340452 15 41 04.93 45 01 45.6 8.9* 0.10 8.8 10.9 -0.3 -0.1

154440459 1541 49.78 +5 07 45.4 17.4*  0.10 17.3 39 -06 -0.2

155040524 1548 06.95 +5 36 11.2 17.4*  0.17 17.2 0.2 -0.2 0.0

155140458 1549 19.28 +5 08 27.0 23.6 0.17 23.4 -1.2 0.3 0.6

1559+0502 >20.2* 0.15 >20.0

160940456 >24.5 0.14 >244 <-13

161640459 16 14 09.07 45 06 53.9 19.6*  0.20 19.4 3.7 -01 -04

162040446 >20.2%¥  0.20 >20.0

162640448 16 24 21.72 +4 55 32.5 22.9 0.18 22.70 -0.2 -0.1 -0.9

163840450 >20.2%¥ 0.25 >19.9

164640501 16 44 25.13 +5 06 29.4 21.2 0.27 20.9 1.6 2.8 0.5

1653+0443 16 51 29.00 +4 47 55.4 214 0.30 21.1 0.8 27 -105
16 51 29.00 +4 48 08.6 23.7 23.4 -1 2.7 2.7

165840454 >24.5 0.27 >242 <-1.3

165840514 16 56 05.62 45 19 46.7 16.0*  0.30 15.7 20 -01 -04

170340502 17 01 01.27 +5 06 21.4 23.5 0.27 23.2 -21 -04 1.4

170640502 17 03 59.26 +5 06 41.1 22.9 0.30 22.6 1.8 4.8 3.0
17 03 59.01 +5 06 37.0 24.6 24.3 35 1.1 -11

171440449 17 12 10.88 +4 51 20.9 17.8*  0.35 17.4 3.0 -01 -1.0

172040455 17 17 35.93 +4 56 47.8 20.6 0.27 20.3 3.2 -1.0 -0.3

172240442 17 19 45.73 44 46 06.7 20.7 0.30 204 0.2 -24 -06

172540457 >24.0 0.27 >23.7 <-0.6

1726+0504 >20.2*  0.30 >19.9

172840429 17 25 56.29 +4 29 28.1 16.6*  0.30 16.3 1.9 -1.2 0.2

173540454 17 33 13.70 44 57 06.7 23.2 0.39 22.8 04 27 -07

174040502 17 38 06.06 +5 04 12.5 22.6 0.41 22.2 0.8 0.5 14

175440459 17 51 49.47 +5 00 09.8 17.5%  0.59 16.9 27 -1.7 -01

180640527 >20.2*  0.79 >19.4

182940451 >20.2% >1.5 >18.7

1935+0457 >20.2% >1.5 >18.7

200540506 >20.2*%  0.72 >19.5

201240458 >20.2¥  0.50 >19.7

201240457 >20.2*  0.50 >19.7

201340508 20 10 54.69 +5 01 24.1 21.1 0.46 20.6 20 00 -0.7

202940456 >20.2% 040 >19.8

203640451 20 34 27.45 +4 39 23.0 19.0 0.27 18.7 3.5 -0.1 0.3

204440444 >20.2*  0.38 >19.8

204840453 20 45 32.07 +4 42 19.0 19.4*  0.35 19.0 22 -05 -09

29
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1 2 3 4 5 6 7 8 9

h m s 0 ! 7 m m m m " "

2110405052 >20.2* 0.25 >19.9

211040456 >20.2% 0.25 >19.9

21104-0505b 18.0* 0.25 17.7

211140501 21 08 58.68 +4 51 03.7 20.0% 0.25 19.7 -4.8 3.7

211340445 211103.76 +4 32 56.5 20.2* 0.23 20.0 0.7 25 07

21164-0507 21 134948 +45453.3 18.5% 0.23 18.3 3.0 0.6 0.5

211740503 >20.2*¥ 0.20 >20.0

212540447 >20.2* 0.15 >20.0

214340511 >20.2*% 0.18 >20.0

214440513 21 41 56.73 +4 57 26.3 18.8  0.18 18.6 3.6 09 0.3
21 41 56.61 +4 57 25.2 21.5 21.3 09 -09 -0.8

2204+0442 22 01 46.52 4425 27.2 13.7*  0.15 13.5 5.9 0.9 04

221740514 >20.2* 0.20 >20.0

221940458 22 16 34.8  +443 415 23.8 0.20 23.6 -1.0 09 16

222440513 22 21 46.56 +4 58 33.5 21.3  0.20 21.1 0.3 0.0 -3.6

222540523 22 22 43.47 +51153.6 17.5% 0.03 17.5 3.1 0.0 0.0

223640454 22 341941 +439 34.2 22.2  0.17 22.0 07 -122 7.5

224540501 22 43 21.83 +4 45 08.7 18.4*  0.00 18.4 1.2 13 04

224740507 22 44 43.26 +4 52 18.6 22.1  0.17 21.9 -0.1  -1.2 21

225140502 >20.2* 0.00 >20.2

2258405617 22 55 52.45 45 00 35.0 19.6* 0.00 19.6 05 -02 06

231240517 >20.2% 0.20 >20.0

232040459 23 18 11.96 +44258.4 204 0.10 20.3 20 -0.7 5.6

232040512 ">20.2%¥ 0.10 >20.1

234340520 23411755 +50601.2 18.4*% 0.03 18.4 2.9 0.1 0.2

234840507 23 45 58.56 44 50 53.2 228 0.03 22.8 -1.3 0.1 -0.0

235740501 >24.0 017 >238 <-14

7. Conclusions

The RATAN-600 may be used as one of the main
sources of 5-50 mJy objects at cm wavelengths. This
flux density range, being of special interest for cos-
mology, was under-explored earlier. RC catalog (1145
objects in the 100 square degree strip) is a mixture of
objects of different nature and without optical identi-
fication it is not easy to classify them. VLA mapping
has helped us greatly (200 images have been obtained
up to now) but even with 1 arcsec positional accu-
racy the majority of the RC objects have not been
identified with any objects listed in the best optical
(POSS), IR (IRAS), X-ray (Einstein, ROSAT) and
radio (GB) sky surveys.

We began deep optical identification program of
all RC objects with steep spectrum (SS) radio sources
class with FRII morphology. Up to now only for that
class we could select complete subgroup of the SS ob-
jects (objects even with normal spectra are invisible
at longer/shorter wavelengths and cannot be classi-
fied through their spectra). The improved “SS FRII”
Longair-Lilly method of picking up distant RG hap-
pened to be very efficient in this flux density range.

We collected about 90 SS objects and almost all d
them were mapped at VLA and optically identifie
at the 6 m telescope down to R = 24 — 25 mag. Fo
all identified objects we estimated redshifts using up-
dated calibrators. The mean photometric redshift d
RGs in our list is larger than that, obtained by othe
groups (3C, PKS, B2, B3, 8C, Deep WSRT combine
with VLA and 4m-5m class optical telescopes; VL4'
very deep surveys combined with HST). We demonj
strated that the mean multi—color (BV RI) age of th
stellar systems of the parent galaxies is of order of |
Gyr, and that at least in some objects active star for
mation had begun in the first Gyr after the Big Bang
Such distant objects must have high (up to 6 orden.
of magnitude) density contrast and modern cosmolo’
gy has to explain this very early appearance of dens:.
and massive (Tera—solar masses) protogalaxies with
quickly formed massive black holes inside it to pre
duce FRII structures. We hope that the suggestion
made by Loeb (1993), and Gnedin with Ostriker an(,
Rees (1995) may be useful to create the improvel
formation theory of this class of active objects. Fron,
our 100 square degree “Cold” selected area sampl
we can estimate that more than 10 000 very early ob;
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Jects, born before the QSO epoch, and avaiiable on
the sky, are accessible for the present day optical and
radio facilities. They can help us to penetrate into
the “Dark Age” of the Universe, between the recom-
bination epoch and the epoch of appearance of QSOs.
Apart from the normal FRII RG class, some objects
with SS happened to be of quite different nature. 10
were not resolved even with VLA in “A” configuration
at 3.7 cmn, being less than 0.2-0.1 arcsec (CSS class).
Several objects have “subgalactic” doubles, with sizes
less than 2-3 arcsec, and are of separate interest. A
few of thern are very complex and can not be consid-
ered as FRII objects. One QSR at z = 2.95 of FRII
type radio structure was found spectroscopically. It
has the biggest linear size ever observed at z > 2 and
we successfully used the object as the “probe par-
ticle” of the geometry of the Universe. The ratio of
the X-ray flux density to the radio flux density hap-
pened to be the most sensitive indicator of the World
Geometry if a very distant and a very large radio
source is used. Future activity, connected with the
BIG TRIO project will be concentrated on the direct
spectroscopy of the most probable candidates into the
first galaxy generation carefully selected from our RC
list. Optical morphology in continuum and line emis-
sion will be very important and we hope to use all the
best optical facilities for that kind of observations.
Radio activity will be concerned with gathering com-
plete spectral information about all RC objects, and
the RATAN-600 has greately advanced in this direc-
tion (Bursov, 1996). 15—years multi-frequency moni-
toring of the Cold strip gives us unprecedented possi-
bility to pick up population of highly variable objects
in the Barly Universe with different time scales from
15 years to 1 day.
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Figure 7: Positions of optical photametrtcal points BVRI on the curves of the spectral energy distribution
for different ages of radio galazies
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Figure 9: CCD images of RC objects in R-filter
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