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The most efficient way to search for high redshift radio gaaxs to use its steep radio spec-
tra as high-redshift indicator. Most of the radio galaxiggwe > 3 have been found using this
redshift-spectral index correlation. We have started ganmme with the Giant Metrewave Radio
Telescope (GMRT) to exploit this correlation at flux densétyels about 10 to 100 times deeper
than the known high-redshift radio galaxies which were idiexd primarily using the already
available radio catalogues. In our programme, we have édadeep, high resolution radio ob-
servations at 150 MHz with GMRT for sevefdeep’ fields which are well studied at higher radio
frequencies and in other bands of the electromagneticrgpectvith an aim to detect candidate
high redshift radio galaxies. In this poster we presentlte$tom the deep 150 MHz observa-
tions of LBDS-Lynx field, which has been already imaged at,3I0 and 1412 MHz with the
Westerbork Synthesis Radio Telescope (WSRT) and at 140@&6@ MHz with the Very Large
Array (VLA). The 150 MHz image made with GMRT has a rms noise-dd.7 mJy/beam and a
resolution of~ 19" x 15'. It is the deepest low frequency image of the LBDS-Lynx fildhe
source catalog of this field at 150 MHz has about 765 sources do ~ 20% of the primary
beam response, covering an area of about 15 dégsgectral index was estimated by cross cor-
relating each source detected at 150 MHz with the availabdewations at 327, 610, 1400 and
4860 MHz and also using available radio surveys such as WENS337 MHz and NVSS and
FIRST at 1400 MHz. We find about 150 radio sources with spestaper than 1. About two-
third of these are not detected in Sloan Digital Sky SurvdyS), hence are strong candidate
high-redshift radio galaxies, which need to be further ergd with deep infra-red imaging and
spectroscopy to estimate the redshift.
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1. Introduction

It had been noticed in the early 80's that the fraction ofeadiurces that can be optically iden-
tified is lower by a factor of 3 or more for steep spectrum radiorces ¢ > 1;S, 00 v—9; Tielens,
Miley & Wills, 1979, Blumenthal & Miley, 1979; Gopal-Kristan& Steppe, 1981), suggesting that
the radio sources with steeper spectra at decimeter waibkeare more distant compared to the
ones with normal spectra (2 a > 0.5). This correlation has been successfully applied to &earc
for radio sources at high redshifts (Rottgering et al., 1994 Breuck et al. 2000, 2002; Klamer
et al. 2006). Until today, about 45 radio galaxies are knoeyobd redshift of 3, and nearly all of
them were discovered through the radio spectral index hittdorrelation.

Till date, the search for HzRGs using the radio spectrabindedshift correlation was mostly
limited by the sensitivity limit of the shallow, wide-areadio surveys. This bias has led to the
detection of only the brightest HzRGs at the top end of théoradninosity function, which is
about three orders of magnitude brighter than the lumiressét the lower end of FR-11 population
(Fanaroff & Riley, 1974). Deeper observations at low radigtiencies are needed to discover
HzRGs that are 10 to 100 times less luminous than most of therkitHzRGs, and these could be
the high-redshift counterparts of more typical FR-1l radalaxies. The 150 MHz band of GMRT
(Giant Metrewave Radio Telescope, India, http://www.rtdraes.in) with its large field of view
(3 degrees), high angular resolution 20') and better sensitivity~ 1 mJy from a full synthesis
observation) is well suited for this kind of work.

Encouraged by this, we have started a programme to obsergeakearefully chosen deep
fields at 150 MHz with GMRT with an aim to detect steep spectradio sources to flux density
levels much fainter than that of known high-redshift radiorges. In this paper we present deep
150 MHz radio observations of the LBDS-Lynx field (Windhoettal. 1984) with the GMRT
with the primary aim of detecting steep spectrum radio ssmiwhich are candidate HzRGs (C.
H. Ishwara-Chandra et al. 2010). In Section 2, we presergatipg arguments for reviving the
search for HzRGs using the steep spectrum technique. Gltieery, data analysis are presented in
Section 3. Results and discussions are presented in Sddioa concluding remarks in Section 5.

2. Re-visit of Ultra-steep spectrum technique for finding HRGs

Miley & de Breuck (2008) in their review have provided a tabfeall known HzRGs till date
with redshift more than 2. In order to understand whetherki@vn HzRGs represent typical
FRII radio sources at high-redshifts, or the highest lumsityosources in that category, we plot the
observed flux densities at 150 MHz of all known HzRGs>(3), computed using the available flux
density measurements and the spectral index (Figure 13.clear from the figure that nearly all
of the known HzRGs are two to three orders of magnitude mangious than the FRI/FRII break
luminosity. This is largely due to the selection effectsdese nearly all the searches for steep
spectrum radio sources use sky surveys such as WENSS and SHiMi@v radio frequencies and
NVSS at higher radio frequencies. The median flux densityld&rmwn HzRGs at z> 3 at 150
MHz is ~ 1.3 Jy (90% of them are stronger thar0.5 Jy), whereas the FRI/FRII break luminosity
is more than two orders of magnitude fainter.
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Figure 1: The 150 MHz flux densities of known HzRGs, extrapolated usiregavailable spectral index
and flux density measurements. The dotted line at the bottdinates the observed 150 MHz flux density
corresponding to the rest-frame FRI/FRII break luminositye dashed horizontal line is the GMRT detec-
tion limit from the present 150 MHz observation. It is cleesrh this figure that a large number 'normal
population’ of FRIIs, that are 10 to 100 times less lumindwsitthe known HzRGs are yet to be discovered.

The above argument implies that the known HzRGs represerttpiof the ice-berg in lumi-
nosity. There are, potentially, a large number of HzRGs gdie discovered which are expected
to be 10 to 100 times less luminous than the known HzRGs (ge€lli Although initially it was
believed that there is a 'cut-off’ in the radio luminositynfttion at high-redshift, subsequent to the
discovery of several radio galaxies at-74, this evidence became suspect (Jarvis et al 2001). The
radio luminosity function (RLF) of HzZRGs indicate that atrlinosities 10 to 100 times lower than
the known HzRGs, we could expect at least a 10 fold increaspdne density of the radio sources
beyond the redshift of 3 (Waddington et al. 2001). This laggp, can thus be filled by searching
for steep spectrum sources using deep radio observatidow fequencies. The present observa-
tion of the LBDS field at 150 MHz with the GMRT has an rms noise-00.7 mJy/beam, and the
source catalog has about 750 sources having a flux densitydainJdy (C. H. Ishwara-Chandra et
al. 2010). Using our observations, we have obtained abdutrddio sources with spectral index
steeper than 1 having no optical counterparts in the SDS&nTddian 150 MHz flux density for
these sources s 110 mJy, which is an order of magnitude fainter than the nrefliiex density at
150 MHz for known HzRGs.
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3. Observation and data analysis

The 150 MHz observations of the LBDS-Lynx field centered at&®A8h41m46s and DEC
of +44d4650” (J2000) were carried out with the Giant Metrewave Radio S@pe (GMRT) on
December 11, 2006 using a bandwidth of 16 MHz. The GMRT ctssis30 antennas, each of 45
meter diameter located 90 km from Pune, India and operafe® tequency bands from 150 MHz
to 1450 MHz (Swarup et al. 1991). The data were analysed usip++ (v1.9;build #1556; see
Sirothia 2008, Sirothia et al. 2009). The final image was neftl several rounds of phase self-
calibration, and one round of amplitude-and-phase séilbregion. From the estimate of median
spectral index of the sources in the field (0.78), which waselto the expected value, we infer
that the error in the flux density scalegs10% at 150 MHz. The final rms noise achieved at 150
MHz near the center of the field in a source free region waks7 mJy/beam with a resolution of
~ 19 x 15  at position angle of 27

Deep radio observations of this field are available at 320,861 1412 MHz using the WSRT
and at 1400 and 4860 MHz with the VLA. However, all these olet@zns combined cover less
than 50% of the GMRT 150 MHz area. We also use the WENSS data/avBiz and NVSS and
FIRST data at 1400 MHz for the entire field.

4. Results and discussion

4.1 The 150 MHz source catalog and spectral index estimates

A catalogue of sources out to the 20% of the peak primary bemmonse was created with
the peak source brightness greater than 6 times the locaioiss value. The details of the source
extraction criterion are given in Sirothia et al. (2009). eTiimal catalogue contains about 765
sources above a flux density limit ef 4 mJy. The majority (about two-third) of the sources are
unresolved within the resolution of the observation.

The counterparts for the 150 MHz sources at higher radiaufagies were searched within a
20" radius from the 150 MHz position. In addition to the publidhizzep observations of the LBDS
field at 327, 610, 1412, 1462 and 4860 MHz, we used the WENS#ogaat 325 MHz and the
NVSS and FIRST catalogs at 1400 MHz to obtain the spectraiod sources found at 150 MHz.
The typical error on the spectral index estimate was abdytdd.better. A small fraction of the
sources (3%) do not fit well with a straight spectrum and tlesemostly sources with spectral
turnover. The spectral index distribution is presentediin E.

A total of 639 sources out of 765 (83%) have spectral indegrdgined. The median spectral
index of the sample is 0.78, which is in good agreement wighsimilar measurements available
in the literature. Our sample of steep spectrum sourcessterms 157 sources with spectra steeper
than 1 (and not 1.3 as used by several authors earlier) foefts®ns discussed in detalil in Ishwara-
Chandra et al. 2010.

4.2 Sample of steep spectrum sources

We have inspected the spectra where three or more frequesagurements are available for
signatures of spectral curvature. There is no clear indicaif spectral curvature in most of the
sources. We have cross matched the sample of 157 sourcespeittral index steeper than 1 with
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Figure 2: The spectral index distribution of sources detected at 16@ 6, 0 v~ 7). The spectral index was
computed whenever a counterpart was found at 610 MHz or higbguencies, irrespective of detection at
325 MHz. The dashed line shows the spectral index limit gpoading to five sigma limit of FIRST. There
is a weak trend indicating that the fainter sources tend ve flatter spectra.

VLA FIRST survey. If the counterpart is seen in FIRST, we htalken the position from FIRST
survey to obtain better accuracy. Among the 157 sourcesu&ea® did not have counterparts in
FIRST and hence the 150 MHz position was used to cross matblSmBiSS.

We positionally matched each steep spectrum source posiith the photometric object cat-
alog (PhotoObjAll) from the most recent (DR7) release of $hean Digital Sky Survey (SDSS;
Abazajian et al. 2009). 59 radio sources from this sampledbdelast one SDSS primary object
within 6 arcsec (38% identification). The remaining 98 sesroad no optical counterpart in SDSS
within 6” radius. The median 150 MHz flux density for the sources nanigasounterpart in SDSS
is ~ 110 mJy, which is more than an order of magnitude fainter thermedian flux density at
150 MHz for known HzRGs (section 2). One of the steep spectounce without SDSS counter-
part (GMRTJ084533+455835), is unresolved at 150 MHz, bstlwes into a clear compact FRII
source of about 8 arcsec size in VLA FIRST. Using the 150 MHz dlensity and FRI/FRII break
luminosity, we estimate that this source should be at a riadgh~ 2 or higher (for its luminosity
to be above the FRI/FRII break).

5. Concluding Remarks

We have initiated a major programme to search for steep rgmeatadio sources with the
GMRT with the aim to detect high-redshift radio galaxies ajdarate luminosity. The fields for
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this programme are carefully chosen such that extensigealisady exist at higher radio frequen-
cies and deep optical imaging and/or spectroscopy is akstable for most of the fields. Here we
have presented the results from deep 150 MHz low frequentiy adoservations of the LBDS-Lynx
field with the Giant Metrewave Radio Telescope (GMRT), Indiaching an rms noise of ef 0.7
mJy/beam and a resolution ©f20". We have demonstrated that this GMRT programme can search
for high-redshift radio galaxies more than an order of mtagld fainter in luminosity compared

to most of the known HzRGs. We provide a sample of about 10@idate HzRGs with spectral
index steeper than 1 and no optical counterpart to the SD&tis#y limits. A significant frac-

tion of the sources are compact, and are strong candidatésgforedshift radio galaxies. These
sources will need to be followed up at optical and near-refitsbands to estimate their redshifts.
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