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ABSTRACT. Using the URAN VLBI network, we
studied an angular structure of the 3C268.4 quasar at the
decameter wavelengths. It is shown, that the brightness
distribution of the source in the decameter range differs
significantly from the decimeter image of the quasar. At
low frequencies, the source model consists of two extend-
ed components and a compact feature, whose sizes and
positions coincide with the parameters of lobes and one of
the hot spots of 3C268.4 observed in the decimeter range.
The radio emission of the second hot spot at decameter
wavelengths is quite weak and does not significantly af-
fect interferometer response. The probable spectra of the
quasar components and their changes in the range from
decameter to decimeter wavelengths are determined in the
study as well. It is noted that, in contrast to the high-
frequency image, where compact hot spots predominate in
the 3C268.4 radiation, at decameter wavelengths about
65% of the source flux density is provided by more ex-
tended lobes. We have also shown that the change in the
slope of the full spectrum of the quasar at 230 MHz is
caused by synchrotron losses in its lobes.

Keywords: decameter range, brightness distribution, dec-
ameter model.

AHOTALIA. 3a monomoroto PHIIb mepexi YPAH,
OyJo IOCHTiKEHO KYyTOBY CTPYKTYpy KBazapa 3C268.4 Ha
JIeKaMeTPOBUX JOBXKMHaxX XBWiIb. [loka3zaHo, 0 pO3MOAiN
SICKPaBOCTI JKepena B JIEKaMeTPOBOMY Jlialla30Hi CyTTEBO
BiJIPI3HSETHCS BiJl AEIUMETPOBOTO 300pakKeHHS KBa3apa.
Ha HU3BKHX YacTOTax MOJENb JUKEpena CKIIAJAEThCS 3
JIBOX TPOTSHKHUX KOMIIOHEHTIB 1 OJHOTO KOMIIaKTHOTO
€JIEMEHTa, PO3MIpH 1 MOJOXKEHHS SKHX 30iratoThcs 3 Ta-
pameTpaMHy METOCTOK i oxHiel 3 rapsanx M 3C268.4,
IO CIOCTEPITraloThCs B JEIMMETPOBOMY Jiama3oHi. Pa-
JIIOBUIIPOMIHIOBaHHS JIPYTOi rapsdol IUIAMH Ha JeKaMeT-
POBHX JOBXXHHAX XBHJIb JOCHTH cla0Ke i He BIUIMBAE ic-
TOTHO Ha BIATYK iHTepdepomerpa. Y IOCHIIKEHHI TaKOXK
BU3HAYAIOTHCSI HMOBIPHI CIIEKTPHM KOMIIOHEHTIB KBa3apa
Ta iX 3MIHM B Jiama3oHi BiJ JEKaMETPOBHX IO ICIHAMET-
POBHX JIOBXKHH XBWIIb. Bi3Ha4a€eThCs, MO HA BiIMIHY BiJ
BHCOKOYAaCTOTHOTO 300pa)KCHHs, 1€ B BUIIPOMIHIOBaHHI

3C268.4 mepeBaKaroTh KOMITAKTHI Tapsdi IUISIMH, Ha Jie-
KaMETPOBUX XBWIIAX OJH3BKO 65% T'YCTHHU MOTOKY JDKE-
pena 3abe3meuyeThesl OUThIN MPOTSHKHUMH TEITIOCTKAMH.
Mu TakoX MOKa3aliy, 0 3MiHa HaXWIy TIOBHOTO CIIEKTPY
kBazapa Ha yactoti 230 MI'l BUKIIMKaHa CHHXPOTPOHHH-
MH BTpPAaTaMHU B HOTO MEIOCTKAX.

KirouoBi cJioBa: exkaMeTpoBHil [iama3oH; PO3MOILT
SICKPABOCTi; IEKaMeTPOBa MO/IENb

1. Introduction

Studies of extragalactic radio sources associated with ac-
tive galactic nuclei have shown that most such sources have a
structure in the decameter range noticeably different from
their images observed at shorter wavelengths. To investigate
this difference, we observe radio galaxies and quasars with
the URAN interferometers at the lowest frequencies.

The radio source 3C268.4 optically associated with a
quasar at a redshift of 1.4 has an FRII-type structure at dec-
imeter wavelengths (Reid et al., 1995). It consists of a weak
core and two radio lobes with hot spots at their ends spaced
10" apart. The southwestern hot spot provides about 68% of
the total source flux density while the northern-eastern one
does only 10%. Their angular sizes are about 1". The rest of
the radiation comes from the more extended lobes of the
source. The lowest frequency where the 3C268.4 structure
was earlier studied with MERLIN was 408 MHz (Lonsdale
& Morrison, 1983). The total source spectrum is bent near
the frequency 230 MHz (Herbig & Readhead, 1991) show-
ing a possibility of structure modifications at lower fre-
quencies. The source power and angular dimensions of its
components are suitable for its observation with the URAN
interferometers (Megn et al., 1997) in the decameter range
and the study of this quasar was never conducted before at
such low frequencies.

2. Observations and data reduction
Observations of 3C268.4 were carried out using the

URAN interferometer network at 20 and 25 MHz simulta-
neously. Signals were recorded in separate 10-minute
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scans at hour angles of +/-150 minutes relative to the cul-
mination moment. Interferometer pairs were formed by
multiplying the recorded signals of the north-south anten-
na of the UTR-2 radio telescope with the signals of each
URAN antenna.

It is known that the visibilities obtained at different
baselines carry information about the brightness distribu-
tion of the object under study. With good filling of the UV
plane, the source brightness distribution can be recon-
structed by the inverse Fourier transform of the set of their
complex values. However, we do not use this approach
with URAN due to the limited number of baselines and
insufficient filling of the UV plane. Besides that visibility
phases at decameter wavelengths are severely distorted by
the influence of the propagation medium which makes it
impossible to apply direct mapping methods. Therefore,
to reconstruct radio images of sources in the decameter
wavelength, we use the method of fitting the brightness
distribution models only by the visibility modules.

The method is described in (Megn et al., 2001) and
consists in representing the real brightness distribution at
the map of the source by a model consisting of a certain
number of elliptical components with Gaussian brightness
distribution. Then changing the parameters of this initial
model and calculating its interferometric response we use
the least squares method to minimize the differences be-
tween calculation and experimental data collected with the
URAN interferometers. The result of the fitting procedure
is @ model distribution of brightness at decameter wave-
lengths consistent with the URAN observational data.

We used the map obtained with the VLA at 1.69 GHz
(the NVAS can be browsed through http://www.vla.
nrao.edu/astro/nvas/) to determine the initial model for
fitting the low-frequency model of 3C268.4. The parame-
ters of the initial model are given in Table 1.

Table 1: The model of brightness distribution of 3C268.4
fitted to a 1.69 GHz map

" o S/S0,% | 6" | alb v, °
HSne 3.5 3.2 10 0.9 1 0
Lne 3.5 3.2 6 19| 1.2 90
Core 0 0 1 0.9 1 0
HSsw -2.1 -3.7 68 11| 1.7 | 128
Lsw -2.1 -3.6 15 21| 1.4 | 128
Notes:

HS — hot spot; L — lobe;

a, 6— coordinates of the components center;
60— size at a half power level;

a/b — ellipticity;

w — position angle of the component;

S/So — percentage of total flux.

As an example, measured with the URAN-2 and
URAN-3 interferometers the experimental dependences of
the visibility modules on hour angle are shown in Fig. 1
and Fig. 2 by symbols 3. Line 1 marks the response of the
initial high-frequency model at these baselines, and shows
what visibilities measured at decameter band would be if
the image of the radio source did not change with fre-
quency decreasing. A noticeable distinction between this
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Figure 1: Visibility module of the decameter model for the

URAN-2 interferometer: 1 — high frequency model; 2 —
fitted decameter model; 3 — experimental data
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Figure 2: Visibility module of the decameter model for the
URAN-3 interferometer at 25 MHz: 1 — high-frequency
model; 2 — fitted decameter model; 3 — experimental data

curve from experimental data means changes in the source
structure. A low-frequency model was then fitted based on
experimental data obtained with all interferometers of the
URAN network at frequencies of 20 and 25 MHz. The cal-
culated responses of the fitted model at 25 MHz for URAN-
2 and URAN-3 are shown in Fig. 1 and Fig. 2 by line 2.

The parameters of the decameter model at frequencies
of 20 and 25 MHz are given in Table 2.

Table 2. The decameter model at frequencies at 20 and 25
MHz

a" | 8" | SIS% | 6, | By | @D | w°
HSne | 3.5 3.2 9 11| 13 1 0
Lne 3.5 3.2 32 28 | 3.1 1 0
HSsw | —2.1 | -3.7 26 11 ] 12 | 1.7 | 128
Lsw | -2.1 | -3.6 33 41 | 43 | 14 | 128

3. The results

By comparing the two tables, it is easy to see what is
causing the discrepancies observed. At high frequencies,
the main contribution to the total flux density is made by
compact details — hot spots. Their fraction in the total flux
of the quasar is about 78%, while at low frequencies the
total source radiation is predominantly formed by extend-
ed details — lobes. Their contribution to the source total
flux in the decameter range is about 65%. Fig. 3 and Fig. 4
show the high-frequency and decameter models on a loga-
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Figure 3: Model fitted to 1.69 GHz map
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Figure 4: Decameter model overlaid on a 408 MHz map

rithmic scale of brightness. The latter model is shown
against the background of a 408 MHz map with an angu-
lar resolution of 0.9" (Lonsdale & Morrison, 1983).

Fig. 5 shows the total spectrum of the quasar — 1 and
probable spectra of its components: 2 and 4 — spectra of
the southwestern and northeastern hot spots, 3 and 5 —
southwestern and northeastern lobes. The spectral index of
each spectrum is shown in the same color above it.

Linear approximation of the total spectrum was per-
formed by the least squares method separately for the sec-
tions from 20 to 230 MHz and above 230 MHz according
to the data of (Kellermann & Paulini-Toth, 1969; Viner &
Erickson, 1975; Laing & Peacock, 1980; Roger et al.,
1986). Spectra of hot spots — according to our data, ob-
tained at frequencies of 20 and 25 MHz and data at 1.69
and 4.8 GHz.

As can be seen from the figure, a bend is observed in
the total spectrum at a frequency of about 230 MHz. This
bend is related to the behavior of the lobe spectra, typical
for synchrotron losses. The lobe spectra in this figure were
obtained by subtracting the hot spot spectra from the total
spectrum, taking into account the ratio of lobe fluxes at
20, 25 MHz, and 1.69 GHz.

Knowing the magnetic field strength in the lobe (Liu et
al., 1992) and the inflection point of the spectrum, using
formula (1) from (Liu et al., 1992), we can calculate the
synchrotron age of the quasar, i.e. the time that has passed

Figure 5: The total spectrum of 3C268.4 and the probable
spectra of its components: 1 — total spectra; 2 — south-
western hot spot; 3 — southwestern lobe; 4 — northeastern
hot spot; 5 — northeastern lobe

since the last acceleration of electrons. According to our
data, the age of the quasar is about 8.4 million years.

It should be noted here, that the ratio of the fluxes of
the source components, calculated by us at a frequency of
408 MHz, agrees well with the data of (Lonsdale & Mor-
rison, 1983).

4. Conclusion

For the first time, an investigation of the angular struc-
ture of the quasar 3C268.4 was carried out in the decame-
ter range. The most optimal model of the angular bright-
ness distribution at frequencies of 20 and 25 MHz was
obtained. It was found that:

1. The sizes of the source components increased com-
pared to high-frequency ones due to interstellar scattering
(in hot spots) and synchrotron losses (in lobes).

2. The main contribution to the total source flux at low
frequencies is made by the lobes — 65% and the southern
hot spot — 26%, which significantly differs from the high
frequencies where nearly 78% of the total flux is provided
by hot spots. The radio emission of the northern hot spot
at decameter wavelengths is quite weak and does not sig-
nificantly affect interferometer response.

3. It has been established that the bending of spectra at
a frequency of about 230 MHz is caused by synchrotron
losses. The approximate age of the source was found to be
about 8.4 million years.
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