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Abstract. In accordance with the program “Cold“ in 1987-1988 and in 1996 deep surveys of
the sky strip at the declination of the source SS 433 (§ ~ 5° £ 20’) were made at the radio
telescope RATAN-600.

For the first time spectral characteristics of 400 sources from the RC catalog have been determined
using only the data obtained with the RATAN—-600. The maximum of the flux density distributions
at the central wavelength A7.6 cm is ~ 30 mJy. The lower flux limit in the sample of the sources
at the wavelengths 3.9, 7.6, 13.0, 31.0 cm is 16, 9, 37, 61 mJy, respectively. Spectra of 112 sources
(28%) have been obtained for the first time, spectra of 90 (23%) sources have been made more
accurate. For the first time the fluxes at the wavelengths 2.7, 3.9, 13.0 and 31.0 cm (90% of data)
have been measured. The maximum of the distribution of spectral indices for the entire sample
of sources in the interval AA7.6 — 31.0 cm falls at o = —0.86 & 0.04 (S, ~ v%).

About 20 (5%) sources of the sample have a maximum of radiation at a frequency of about
1 GHz (GHz-Peaked-Spectrum radio sources), about 40 (10%) have a low—frequency cut off
of the spectrum. About 70 (19%) sources have flat spectra (o > —0.5), 64 (18%) very steep

(@ < —1.1) spectra.
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1. Introduction

Since 1980 multifrequency “Cold” surveys of the sky
strip at the declination of the source SS 433 (6§ ~ 5°)
have been carried out. The principal goals of this ex-
periment are stated in detail in the paper by Parijskij
and Korolkov (1986). One of the objectives is a search
for variability of radio sources in the region of the sur-
vey and plotting of their spectra.

As a result of reduction of the data obtained with
the most sensitive radiometer of the 1980s at A7.6 cm
a catalog (RC) of 1145 radio sources has been com-
piled (Parijskij et al., 1991; 1992). The RC catalog
proved to be the most complete of all the published
catalogs in the region of fluxes 10-40 mJy, which is
the most interesting region for the investigation of
distant objects. However the quality of the data ob-
tained at other frequences allowed these to be used
only for clearing the records at the wavelength A7.6
cm from the radiation of the atmosphere, Galaxy, and
for identification of local interference.

For the first time the spectra of the sources from
the RC catalog have been obtained for 21 objects after
the reduction of the first two surveys data in the inter-
val 16" < a < 17" at the A7.6 cin wave using the data
from other surveys (Parijskij et al.; 1989). Later on

spectral investigations of the RC catalog sources, ir
volving all the known data which fell within the st
of the “Cold” surveys were made. As a result, spee
tra for 491 sources of the catalog have been obtaine
(Bursov et al., 1989; 1991; 1993). The moderniz
tion of the recording system and improvement of the
sensitivity of the radiometers at the decimeter wavss
made it possible to carry out multifrequency surveys
at RATAN-600, and to obtain spectra of sources.

The present paper is devoted to determinationd
spectral characteristics of the sources from the deg
RATAN-600 surveys, and, which is most importan,
in the region of flux densities (A7.6 cm) from 10 to4)
mly.

2. Observations

In late 1987 and early 1988 the “Cold” program si:
vey was executed. The observations were carried oif
at the Northern Sector of RATAN-600 under the cor
dition of source transit through the antenna bean
pattern of the telescope. Radiation was recorded vk
the complex of continuum spectrum radiometersd
the secondary mirror (feed-cabine 1). The obser|
tions were performed in the interval of right ascensior
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0"~ 14" 18" — 94k 44 3.9,7.6,13.0 and 31.0 cm. The
survey lasted 25 days, and covered about 200 square
degrees of the sky.

In January—February 1996 additional observations
of a sample of 121 “Cold” program sources were un-
dertaken to revise the coordinates and fluxes of the
weakest sources and the 1988 sources with unreliable
spectra. The duration of observation of each source
ranged from 10 to 30 days over a wide wavelength
range in the fixed focus mode.

The HPBW of the RATAN radiotelescope pattern
at the elevation of SS 433 were 10’ in declination and
I'(A7.6 cm) in R.A. In 1988 the primary feed of the
receiver at the A7.6 cm wavelength was placed at the
telescope secondary mirror focus, while in 1996 the
focus was located between the A2.7 cm horns. The
feeds of the other receivers were aligned with the focal
line of the mirror with different displacements, which
involved low losses in amplitude of the signal (see
Table 1) and distortions in the beam shape.

‘The observations at decimeter wavelengths were
made in a single mode with an internal comparison
channel (as a reference signal), at A7.6 cm in the “pi-
lot” signal mode, at 2.7 and A3.9 cm in the mode of
two-ray “scanning” of the beam.

3. Multifrequency data processing of
radio sources

The observational data processing was performed us-
ing the procedure described by Parijskij and Korolkov
(1986) as well as in the papers by Parijskij et al.
(1989), Bursov et al. (1990) and comprised the follow-
ing stages: isolation of radio sources from the curves
of passage through the beam; monitoring of obser-
vations by calibration sources; monitoring of the gain
of the radiometers; clearing of records from industrial
interference and atmospheric fluctuations. Extra dif-
ficulties in the reduction, as compared to the previous
reduction at A7.6 cm, were due to the lower sensitiv-
ity of the radiometers and the great amount of in-
terference of various origin at other wavelen gths from
the satellites (especially at A13.0 cm and A31.0 cm).
There was another problem consisting in separating

| the parameters of the sources at A31.0 cm.

The receiver sensitivity at the time of observations
and the flux density depth of the survey are given in
Table 1, where AT, is the receiver output minimum
increment of the antenna noise temperature, which
can be measured during one transit of the sky strip
through the beam at 7 = 1 s (antenna temperature
sensitivity):

e the measured sensitivity — the distribution
maximum of the measured AT, values on the inter-
vals of records through the whole data file. The size
of an interval is equal to the characteristic size under
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the source passage curve (~4 HPBW) for the given
wavelength;

e the maker’s sensitivity — the specifications of
the receivers for the moment of observations;

e AS, - the minimum detectable signal accu-
mulated by averaging over the records — the survey
flux sensitivity over the time interval of the source
through the beam of the radio telescope as a function
of wavelength;

o ¢, — the coefficient of sensitivity losses caused
by the displacement of the input paths of the ra-
diometers along the focal line of the radio telescope
secondary mirror.

At the wavelengths A2.7 and A3.9 cm the diagram
modulation mode allowed the S/N ratio to be in-
creased by a factor of v/2. The lower sensitivity at
A31.0 cm is due to unresolved sources (“confusion”)
and interference radiation from the satellites.

The reduction was performed on a PC with MS-
DOS using the software developed by the author of
this paper. In particular, the estimation of the pa-
rameters of the sources was made with visual mon-
itoring of all the parameters and comparing them
with the other “Cold” surveys or with the reference
records of the current survey. This was necessary for
the parameters of the sources with a low S/N ratio,
distorted background, superimposition of interference
and sources to be estimated. That is the case when
1t is impossible to use the automated procedures of
signal reduction.

The signal was accumulated by non—parametric
averaging over a number of many-day observations
broken up into hourly records. This allowed a large
body of observational information to be processed
and more correct estimates of the parameters of
the sources to be obtained. The averaging of the
records and deletion of the extended components
(background) from them were performed using the
standard software for reduction of the RATAN-600
radio astronomy observations, which is operated in
Xenix System (Verkhodanov et al., 1992).

4. Estimation of fluxes of radio sources

One of the most significant, and complete catalogs for
investigation of spectral characteristics of the sources
from the RC catalog was the UTRAO catalog (Dou-
glas, private communication). From the spectra of RC
catalog sources obtained earlier using the data from
other catalogs (see Bursov et al., 1989) a sample of
calibration sources was compiled.

The sample included 190 steep spectrum sources
(e < —0.5). The functional dependences (calibration
curves) obtained on the basis of processing of the cal-
ibration sources were used to convert the measured
antenna temperatures 7, of the sources into the ra-
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Table 1: Survey sensitivity

Radiometer sensitivity s~1
Wave ATy(1 record) AS,(25 records) | ¢,
length | maker’s | measured | referred to beam
cm mK mK mJy/BP | 5.0
2.7 3.2 4.5+0.8 3.8 19 0.94
3.9 13 17.0+4.4 4.9 25 0.72
7.6 3 2.840.4 1.1 5.5 | 1.00
13.0 25 3547 15.8 80 0.81
31.0 30 64414 17.1 85 0.96
S/Ta, Jy/K $/Ta, Jy/K

L
6.0 Ah, arcmin

i . .
8.6 .0 12.0 18.0 an. aremin
S/Ta, Jy/K

d
10F -

8.0 6.‘0 1 2‘.0

Figure 1: Calibration curves for conversion of measured antenna temperatures (T,) of the survey sources ino
radiation flux densities (S,) depending on the shift from the BP center in height (Ah) at the wavelengthsd
observations: a) 3.9 cm; b) 7.6 cm; ¢) 13.0 cm; d) 31.0 cm.

diation flux S, . The data of the dependence are cor-
rected for the elevation Ah displaced transit of the
sources through the knife beam of the radio telescope
and are represented by the ratio S, /T, ~ f(Ah) (Fig.
1). At A7.6 cm a curve was obtained with an error no
worse than 5% for the sources with the mean flux of
~ 75 mJy and |Ah| < 10’. At A3.9 cm the flux error
was estimated no worse than 15-20% (~ 50 mJy). At
A13.0 cm it was 15% (~ 140 mJy) and |Ah| < 15'.
For A31.0 cm — 12% (~ 300 mJy). The obtained es-
timates of the error in the calibration curves are of
special interest in searching for variability of the RC
catalog sources.

As a result of reduction a sample of 400 sources
with the flux estimates for all the wavelengths has

8.0 Ah, aremin

.
18.0  Ah, arcmin

been obtained. At-A7.6 cm more than half of the sam:
ple sources have flux densities below 80 mJy, a quar
ter — below 40 mJy. The flux distribution maximafor
the wavelengths 3.9, 7.6, 13.0, 31.0 cm are 32, 30,10
and 92 mlJy, respectively. The lower limit of the flux
in the sample is 16, 9, 37 and 61 mJy. The sampless
complete up to fluxes of 80 mJy.

The error in the flux estimates on the surve
records after the averaging has been computed by the |
formula:

o? = AS? + kanS2,

where AS, is the flux sensitivity of the survey at the
frequency v;
S, 1is the source flux density at the frequency v;
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kan is the parameter associated with the error in de-
termination of the coordinates and fluxes of the cali-
bration sources depending upon the displacement of
asource from the centre of the beam of the telescope
in elevation (Ah).

The source fluxes for the observations of 1996 were
measured by a similar procedure and are given in the
Apendix in the table of the fluxes at A2.7 cm, which
is lacking in the previous survey.

5. Spectra of RC catalog sources

For the above mentioned 400 sources, having the
flux measured at more than two different frequencies,
spectra have been obtained. For 112 (28% of the total
number) of them spectra have been obtained for the
first time; for another 90 sources (23%) the spectra
have been refined. Spectral indices of 353 sources have
been determined. The spectra were approximated by
the following functional dependences: a) the straight
spectra logS, = a + blogr; b) the curved spectra
logS, = a + blogv + ce¥'°9%  where the coefficient
k= +1 was taken for the spectra with a steep slope
in the high—frequency part; while k = —1 in the low—
frequency one. In the cases when the spectrum had
aslope on both sides with respect to a certain max-
imum; the approximation was done by the parabola
logS, = a + blogv + clog®v.

The number of sources and the degree of com-
pleteness of the RC catalog were evaluated in the
carlier papers (Parijskij et al., 1991; 1992), includ-
ing our survey at A7.6 cm. In Fig. 2 is presented the
distribution of the spectral indices calculated from
the spectra in the wavelength range AA7.6 — 31.0 cm
and fluxes (A7.6 cm): a) 10 mJy< S, < 40 mJy, b)
40 mJy< S, < 80 mly, ¢) 80 mJy < S, < 1000
mJy. The total distribution for all the sources that
fall within the survey region is given in Fig. 1d. The
solid line shows the distribution of the known spec-
tra from the earlier papers (Bursov et al., 1989; 1991;
1993), the dashed line shows the distribution of the
sources whose spectra have been obtained for the first
time.

It is seen from the figures that the fainter the mean
flux in the sample of the sources the more the maxi-
mum of the distribution of the spectral indices is dis-
placed to the region characteristic for steep—spectrum
sources. The number of the sources with the spectra
obtained for the first time increases with decreasing
fluxes, and they are located mainly in the interval
of fluxes less than S, < 40 mJy. The mean value of
the maximum of distribution of the spectral indices
for the whole sample is @« = —0.86 & 0.04. For com-
parison from the paper on model calculation of the
number of sources (Gorshkov, 1991) was taken the
distribution of spectral indices at v = 3.9 GHz. Fig.
2¢ shows good agreement of the model curve with the

spectral distribution for the entire sample of sources
with a flux density of S, (7.6cm) > 80 mJy.

6. Classification of spectra of faint
sources

For 202 sources with the spectra obtained for the first
time classification by types (classes) of spectra ac-
cording to the descriptions presented in the paper by
Kellerman (1974) was made.

1. Class S. The straight power spectrum assigned
to extended optically thin synchrotron radio sources.

a) Class C~. The spectrum has a negative sec-
ond derivative of the dependence lgS — gy and is
more steep at the short wavelengths. Such spectra
are also assigned to extended radio sources.

b) Class Cpnas. The power spectrum (class S)
or dual power spectrum (class C™) at short waves,
but there is a sharp cut off at the long wave-
lengths. Such spectra are produced by compact
optically thick sources.

¢) Class Cy. The spectrum has positive cur-
vature with a rise at the long wavelengths. Typical
of sources in rich clusters of galaxies.

d) Class C}. The spectrum has positive cur-
vature with a rise at the short waves. Such spectra
are assigned to compact optically thick objects.

2. Class CPX. Complex spectra with one or
more minima. The spectra are generally believed to
be composed of two or more spectra of class Cyuaz
plus, in some cases, of class S. The spectra of this
class are also assigned to compact optically thick ob-
jects.

It should be noted that the types of specira
are determined in many cases from the upper limit
of the flux density at 365 MHz (UTRAO catalog).
Probably some of them have an extended structure
and are simply invisible with interferometer. On the
other hand, the fact that there is a sharp drop
in the low—frequency part of the cut off spectrum
is also confirmed by the UTRAO data for a num-
ber of sources of spectral type C,,q, for instance:

045240443, 0545+0505, 054540459, 0627+0457,
080440506, 094840510, 105340456, 112340448,
113440442, 121940448, 122440457, 132640438,

162440443, 164440451, 180740510, 2322+0459. In
the cases when there is no pronounced drop, the spec-
tra are interpreted by class C~.

In Table 2 is presented the distribution of spec-
tra by classes in accordance with the definitions of
Kellerman (1974).

In the second column is given a percentage for
each type of spectrum for the sample of 202 sources
of the RC catalog with the revised and first-obtained
spectra, with a mean flux S, (7.6 cm)~ 30 mlJy.
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Figure 2: Distribution of spectral indices in the wavelength interval AA7.6 — 31.0 cm in the region of fl
densities (7.6 cm): a) 10 < mJy < S < 40mJy, b) 40mJy < S < 80mJy, ¢) 80mJy < S < 1000mJy, d
10mJy < S < 1000mJy. The spectra obtained for the first time — dashed line, the spectra from (Bursové
al., 1989; 1991; 1993) - solid line, the envelope — the model curve taken from (Gorshkov, 1991).

Table 2: Classification of spectra

Spectrum class New spectra | Compact sources | Spectra of | Spectra of strong
from of RC catalog from Steppe strong RC | (Herbig, Readhead,
Kellerman, 1974 in % et al., 1995, % | sources, % 1992) sources, %
S, C- 46 45 79 65
Giras 32 : 31 3 6
ct,c} 8 12 7 8
CPX 2 1 3 4
FLAT? 12 11 8 17

In the third column a percentage is given for the ~ RC catalog sources with the sample of C'SS sours
sample of 198 stronger sources (S, ~ 80 mJy) of the  in types of spectra, weak sources may be assumd
same catalog with the spectra already known (Bursov  to be CSS sources with the same portion of the|
et al., 1989; 1991; 1993). sources having maximum radiation near 1 GHz (GFf]

In the fourth column, a percentage is given for  sources).
the sample of 76 compact steep spectrum sources
(CSS sources) calculated from the data presented in

(Steepe et al., 1995) The class distribution of the spectra of the st

In the fifth column, a percentage is given for the  sources from the RC catalog is considerably differet]|
sample of 256 strong sources (S, > 1Jy, » > 1 GHz)  from the distribution of the weak sources, howeia
calculated from the data given in (Herbig and Read-  on the whole it is in good agreement with the ds|
head, 1992). tribution for the sample of sources from (Herbig al|

The last line of the table contains a percentage  Readhead, 1992). The distinction for the RC ce]
of sources with flat and unclassified spectra. From  log sources is a somewhat smaller proportion of fla-
the remarkable coincidence of the proportion of weak  spectrum sources relative to steep—spectrum ones. |

|
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7. Spectral catalog

All calculated flux density values at a given wave-
length and their spectral indices, if determined, are
listed in Table 3, where:

e (1) - the number of the source;

® (2) - the name of the source in the RC cata-
log derived from the coordinates for the epoch J2000;
designations: “n” — sources with the spectra obtained
for the first time, “c” - sources with the revised or
corrected spectra, for the rest of the sources spectra,
are added.

® (3,4) - right ascension and declination of the
sources for the epoch 1950.0. The coordinates are
taken from the RC catalog or from the UTRAO cat-
alog if the RC catalog source coordinates have been
determined with large errors.

e (5) — elevation drift (Ah) of the source from
the centre of the beam of the radio telescope, in sec-
onds of arc;

e (6) — flux density and its errors at A\2.7 cm,
in mJy, based on the observations of the RC catalog
sources in 1996;

e (7) — flux density and its error at A = 3.9 cm,
mJy;

® (8) ~ the same at A = 7.6 cm;

® (9) — the same at A = 13.0 cm;

e (10) - the same at A = 31.0 cm;

e (11) - the calculated spectral index in the
wavelength interval AA76 — 31.0 cm for the given
source. The error of spectral indices for the known—
spectrum sources is 5-8%, and 15-20% for the sources
with the first-obtained spectra;

e (12) - the type of the source spectrum from
the classification of Kellerman (1974). Flat spectra
are denoted by “F”.

When a source is not revealed against the noise
background, the upper flux value is presented, which
is calculated from the flux sensitivity corrected for
displacement of the source from the center of the
telescope beam. At A3.9 cm fluxes are measured for
|Ah| < 5. This is due to a relatively more narrow
beam at A3.9 cm and, as a consequence, to the rapid
decrease in sensitivity from the centre to the edge of
the survey region. If Ak > 5, the “no” implies that
the flux value is lacking. For some other waves the
“no” means the absence of the flux value for a num-
ber of reasons: the source transit time coincidence
with the time of calibration of the output signal of
the radiometer, the distortion of records, the insuffi-
cient resolution of the sources, etc.

At A2.7 cm the flux estimates are given for 121
sources from the 1996 observations.

The spectra of the RC catalog sources obtained for
the first time are presented in the Apendix (Fig. 3).
These data are denoted by:filled triangles, while the

points from other catalogs - by open circles, including
the A7.6 cm data from the RC catalog.

8. Principal results

1. Spectral investigations of all the RC catalog
sources in the RATAN-600 “Cold” survey strip have
been carried out (epoch 1988.0). From the obtained
data spectra for 400 sources have been constructed,
for 353 of them the spectral indices have been com-
puted at the wavelengths AA7.6 — 31.0 cm. From the
additional 1996 observations of 121 sources flux esti-
mates at A2.7 cm have been made.

2. For 112 (28% of the total number) sources

- spectra have been obtained for the first time, for an-

other 90 (23%) sources the spectra have been refined.
The maximum of distribution of spectral indices is
a = —0.86 £ 0.04. 1/5 of the sources are steep—
spectrum sources (o > —1.1), more than half of them
fall within the flux region of 10 mJy> S > 40 mlJy.

3. The realized survey sensitivity (in the time in-
terval of the source transit through the beam of the
telescope) is 4.9, 1.1, 15.8 and 17.1 mJy for the wave-
lengths 3.9, 7.6, 13.0, and 31.0 cm, respectively. More
than half of the survey sources have fluxes below 80
mJy, a quarter of them — below 40 mJy.

4. For the first time the source fluxes have been
measured at the decimeter wavelengths: A13.0 cm and
A31.0 cm (90% of data). The data for A7.6 cm have
been revised. At RATAN-600 first measurements of
the fluxes for a large sample of weak sources have
been made for A2.7 cm and A3.9 cm.

5. The distribution of spectral indices of the com-
plete sample of sources (S, < 8 mJy (7.6 cm) has
been shown to have a good fit to the model curve
(Gorshkov, 1991).

6. The spectral types portions in the sample of
weak sources with the spectra obtained for the first
time and in sample of the steep-spectrum compact
sources (CSS sources, Steppe, 1995) are in good coin-
cidence ance weak sources also compose to the sample
of C'SS sources. However, for the sample of compara-
tively strong sources (S, ~ 80 mJy) the distribution
of spectra by type is, on the whole, coincident with
the distribution of spectra of strong sources (Herbig,
1992), but with a smaller portion of flat-spectrum
sources.

7. 20 (5%) sources of the sample have spectra
with maximum radiation near 1 GHz (GPS sources),
about 40 more sources (10%) have a cut off in ra-
diation at low frequencies. About 70 (19%) are flat—
spectrum (o > —0.5), while 64 (18%) have very steep
spectra (a > —1.1).

So, in the present paper complete information is ob-
tained about spectral characteristics of the RC cata-
log radio sources whose spectral index is higher than

—E
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-0.7 . For refining the spectra of weak sources at the
decimeter wavelengths and at the waves shorter than
A7.6 cm, the author has accumulated a considerable
body of evidence obtained at the RATAN-600.

The spectral catalog is also expected to be re-
vised using the new data from the VLA survey at
a frequency of 1.4 GHz (Condon et al., 1992) and the
WSRT (327 MHz) survey.

The author thanks N.S. Soboleva and S.A.
Trushkin for assistance in the work and colleagues
who provided the necessary conditions of operation
of the radio telescope.
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SPECTRA OF RADIO SOURCES OF THE PROGRAM “COLD” AT RATAN-600
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SPECTRA OF RADIO SOURCES OF THE PROGRAM “COLD” AT RATAN-600
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SPECTRA OF RADIO SOURCES OF THE PROGRAM “COLD” AT RATAN-600
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Figure 3: a)
paper for the
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The spectra of the sources from the RC catalog obiained for the first time. The data of the
epoch 1988.0 are labled with filled triangles, from other catalogs — with open circles.
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BURSOV

Figure 3: b) The spectra of the sources from the RC catalog obtained using known data.
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SPECTRA OF RADIO SOURCES OF THE PROGRAM “COLD” AT RATAN-600
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