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Abstract: GMRT is being used internationally for studying extragalactic objects
in a variety of ways, by exploiting its combination of high sensitivity and dense
coverage of both the u-v plane and the metre-wavelength spectral region. The
main areas investigated are: clusters of galaxies, radio galaxies, multi-band deep
fields and γ−ray burst sources. Whilst most of these studies employ synchrotron
emission as the probe, kinematics of the associated HI gas has also been deter-
mined for a few selected radio and normal galaxies. The results are published in
about 35 articles and several others are in the process of publication.

1. Clusters and groups of galaxies

The low-frequency imaging capability of the GMRT has been used extensively
to observe clusters of galaxies, notably at 240 and 610 MHz, as they are known to
often harbor ultra-steep spectrum radio components. A focus of these studies has
been on the morphological and spectral aging analysis of the central radio galaxies
of over a dozen clusters. Also, striking examples of radio galaxies have been found
that are ”dying”, ”reborn”, being ram-pressure stripped, or are seen to be causing
mechanical heating of the intracluster medium (ICM). A related outcome from
GMRT observations pertains to the discovery/study of fossil synchrotron radia-
tion (radio haloes, relics) associated with the ICM, including that arising within
the X-ray cavities in the ICM. Over a dozen clusters that have been imaged with
GMRT in the frequency range 150-610 MHz include cases of cluster merger and
X-ray loud clusters selected from the REFLEX and other surveys.

2. Radio galaxies and quasars

One outcome from the several GMRT projects in this area is the discovery of
extreme objects, like the largest quasar, the largest detected radio jet, etc., and
of a new member of the rare class, called double-double radio galaxies. Using the
low-frequency spectra of the individual radio lobes (extended down to 150 MHz
using GMRT), it has become possible to tightly constrain the injection spectrum of
the relativistic electrons and thus carry out a more precise spectral aging analysis
for a variety of sources, such as giant radio galaxies, double-double radio galaxies
and X-shaped radio galaxies. The latter are often thought to arise from merger of
two supermassive black holes; however a need to revisit the existing models was
indicated by the discovery of anomalous spectral patterns in some of the X-shaped
radio galaxies imaged with GMRT. In a parallel effort, GMRT has been used to
study the geometry and kinematics of HI gas associated with the cores/jets of
several radio galaxies and quasars and detected in absorption against the various
nonthermal radio components of these sources.
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3. Multi-band fields

Several groups have used GMRT to study the spectral properties of sub-
milliJansky radio source population at metre wavelengths and to extend the radio
source counts to such faint levels, as well as investigate their multi-band proper-
ties, cosmological evolution and also use them to probe the cosmic history of star-
formation. The target fields had already been imaged at other wavebands using
telescopes such as XMM-Newton/Chandra/ISO/Spitzer/VLA/MERLIN/WSRT.
Typically, the GMRT fields extend 1 to 4 deg across and were imaged, in most
cases, at 610/240 MHz with a resolution of around 5-15 arcsec. The rms noise level
attained are 30-50 µJy and ∼ 250 µJy at 610 MHz and 240 MHz, respectively.
These observations have also enabled construction of large multi-waveband sam-
ples of faint extragalactic radio sources, shortlisting of candidates for very high-z
radio galaxies/clusters and estimatation of the abundances of radio-quiet quasars
and starburst galaxies among the sub-milliJansky radio source population.

4. Gamma-ray burst sources

A few GRB afterglows were observed with GMRT at 1.3 GHz in order to define
their multi-band spectra. In the case of GRB 030329 (distance 870 Mpc), the 8σ
GMRT detection at 1.3 GHz, two days after the burst, triggered a long-term follow-
up with GMRT (in parallel with its monitoring at higher frequencies using other
telescopes). These data were used, in particular, to revisit the ”double-jet model”
in terms of conversion of the first (narrow) jet via re-energization.
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