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As part of an ongoing series of deep GMRT surveys we have ebdé¢he Spitzer extragalactic
First Look Survey field, producing the deepest wide-field-8418z survey published to date. We
reach an rms noise level of 30y bearm® before primary beam correction, with a resolution of
~6 arcsec over an area e ded. By combining these observations with the existing 1.4-GHz
VLA survey produced by Condon et al. (2003), along with indadata in up to seven wavebands
from the Spitzer Space Telescope, optical photometry fr@8S and a range of spectroscopic
redshift surveys, we are able to study the relationship éetwadio luminosity and star formation
rate in star-forming galaxies up to~ 1. The large amount of multi-wavelength data available
allowsk-corrections to be performed in the radio due to the knowdexfghe radio spectral index,
and in the infrared through the use of a semi-empirical tadiaransfer model which models
star-forming regions, warm dust surrounding these regiand diffuse interstellar dust, taking
into account the star formation rate, star formation histord hydrogen column density within
each galaxy. A strong correlation is seen between radiorlasity and the infrared-derived star
formation rates, which is best fit by a slightly non-lineawge-law. We look for cosmic evolution

in the comparative radio brightness of star-forming gaaxiy searching for deviations away
from the global relationship. Any such deviation would iatie a systematic variation in one or
more of the properties controlling synchrotron radiatiomparticular an increase in the magnetic
field strengths of star-forming galaxies over time. The ghtaws no evidence for such an effect,
suggesting that there has been little evolution in the miggfields of galaxies since~ 1.
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Figure 1: A sample section of the GMRT 610-MHz image of the Spitzeragatactic First Look Survey
field[1]. The grey-scale ranges betweef.2 and 1 mJy bear.

1. GMRT surveys

We are carrying out a series of deep radio surveys with that@®latrewave Radio Telescope
(GMRT) at 610 MHz, targeting regions with large amounts a$&mg multi-wavelength data. The
first of these, the Spitzer extragalactic First Look SurueylS) field[1] covers~4 ded with a
resolution of~6 arcsec and rms noise level before primary beam correcfi@® quJy bean?.
Fig. 1 shows a portion of the survey region, in order to derratesthe image quality. This is the
deepest wide-field GMRT survey published to date, with 3@t#es detected above a threshold of
5.250. Two other surveys have been completed, one covetridiged of the ELAIS-N1 region[2]
to a noise level of 7QuJy beam?!, including a deeper region with 40Jy beam* rms, and another
covering~5 ded of the Lockman Hole[3] to a noise level of G0y beam®. A survey of the
ELAIS-N2 region is in progress, and will be completed in 2008

Our survey of the XFLS field was designed to complement thatiagi VLA 1.4-GHz survey[4],
which has~5 arcsec resolution and covers approximately the same athaawoise level of
23 uJy bear®. There is a great deal of complementary data available oretiien — in particular,
this was the location of the first of the deep surveys carrigdy the Spitzer Space Telescope. We
constructed a sample of 235 star-forming galaxies withinxdBLS field, requiring all sources to
have radio detections at 610 MHz and 1.4 GHz, infrared detectit 24 and 7tm and a spectro-
scopic redshift. Where available, optical photometry fi®8®SS and further infrared data from the
IRAC and MIPS instruments were included in the data set. Mietails on the sample selection
procedure and the minimisation of potential sample biaaase found in [5].

1610-MHz images and source catalogues can be accessetitvia / / www. nt ao. cam ac. uk/ sur veys.
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(a) Radiok-corrections. (b) Infraredk-corrections.

Figure 2: Radiok-corrections are shown in (a), calculated from the measspedtral index (points with
error bars),a = 0.7 (dashed line) and = 0.8 (dotted line). Infrared corrections are shown in (b), take
from the model spectra (points with error bars), M51 (dagime), M82 (dotted) and Arp 220 (dash-dot).

2. Radio and infrared k-corrections

In order to study the luminosity of galaxies at high redshiit necessary td-correct the
observed flux densit§, at frequency to give a rest-frame luminosity, at the same frequency.
The dominant emission mechanism in the radio frequencyerareare considering is synchrotron
emission, which we assume to follow a power-law such $at Sv—9, and the luminosity of a
source at redshift and luminosity-distancel_ is therefore given by, = 4md?(1+2)9~1S,. We
assume a flat cosmology witB = 0.74 andHg = 72 km s Mpc~1. Since radio observations
were previously available at only one frequency, rddimrrections carried out in the XFLS region
by other authors have assumed a single spectral index fepatces (either 0.7 or 0.8). Using
the two frequency data, we construct a spectral index bligtan for our sources[5] and find a
peak near 0.8, but considerable spread. Fig. 2a shows aulai@d radidk-corrections compared
with those using a constant value forof 0.7 or 0.8; using an assumed spectral index leads to a
significant difference irk-correction for individual sources. In particular, the wde¢he observed
spectral index permitk-corrections which are greater than unity.

Model optical-infrared spectral energy distributions (Bt were generated using the Star-
burst99 stellar spectral synthesis code[6], together wislemi-empirical radiative transfer model
for the propagation of radiation through the dusty intdistenedium([5, 7]. The model is made up
of star-forming regions, warm dust associated with theg®ons, and a diffuse distribution of cold
dust throughout the galaxy. The star-formation rate (SBRY, formation history and dust mass
were varied in order to create a grid of 2145 galaxy modeldchvivere weighted according to
their x2 misfit to each source. From these, we calculate weigkteatrections and SFRs for each
galaxy. Previous works have typically taken local soureehsas M82 to be representative of the
whole star-forming galaxy population — however, the Malisgbias dictates that the average lu-
minosity of survey sources will increase with redshift,gtally making this assumption invalid.
In Fig. 2b we show the 7@xan k-correction for all sources in our sample, along with thoseved
from three well-studied local sources (M51, M82 and Arp 22Z0he k-corrections derived from
our model fitting follow the same general trends as for thallgources, but again the difference
between individual galaxies and the local sources inceeaskigher redshift, by up te1 mag.
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(a) 1.4-GHz luminosity against infrared SFR — the best-fib) The redshift dependence of the relationship seen in (a).
line is a power law given by Equation 3.1. The solid line represents the global value from
Equation 3.1.

Figure 3: Comparison between radio luminosity and SFR (a), and thiati@m in this relationship with
redshift (b).

3. Therelationship between star formation rate and radio luminosity

The radio luminosity of a galaxy can be related to its curseternova rate, and therefore to
its SFR about 30 Myr earlier (the approx. lifetime of the taaassive stars to form a supernova)
through the use of an assumed Initial Mass Function. Theréaage uncertainties present in the
normalisation between supernova rate and luminosity, Backtis no a-priori reason to assume
that the complex processes involved in synchrotron emissimuld lead to a linear relationship
between supernova rate and radio luminosity. We theretmk diirectly at the relationship seen
between 1.4 GHz luminositly; 4 and SFR, seen in Fig. 3a, and find that the relationship isfibest
by a power-law given by

l0g;(L14) = (22.05+0.04) + (1.13+0.07) x l0g;o(SFR. (3.1)

There are a few sources that are significantly more radghbthan this relationship — these are
likely to have some radio emission resulting from AGN adtyivs well as due to supernovae, since
the AGN rejection in [5] was performed based upon opticatBpscopy alone. The quoted results
remain consistent when these sources are removed from ahesien

We probe the redshift dependence of the relationship betwaaio luminosity and SFR, by
looking at deviations away from the global form found in Etjpra 3.1. This allows us to search
for cosmic evolution in the comparative radio brightnesstaf-forming galaxies. Fig. 3b shows
the redshift dependence bf 4/SFR-2 — no significant variation is seen out to a redshift of 1.

4. Discussion & Conclusions

The large amount of multi-wavelength information avaitabh regions such as the Spitzer
extragalactic First Look Survey field mean that it is posstblcreate large samples of star-forming
galaxies which contain a significant amount of spectralrmfation. This allows individuak-
corrections to be performed, using the knowledge of thecapstellar emission, infrared thermal
dust emission and radio synchrotron emission from eachxgatethe sample.
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We find the relationship between radio luminosity and stamétdion rate has a slightly non-
linear form with power law index of . 13+ 0.07. By comparing the radio luminosity and infrared-
derived star formation rates of galaxies betweenl and the present day, we find no evidence for
significant evolution in the radio luminosity of star-fommgi galaxies.

Any systematic variation over time in the radio luminositygalaxies with particular SFR
would imply an evolution in one or more of the properties tt@trols synchrotron radiation, and
lead to the tight infrared / radio correlation[8]. In padiar, an increase in the magnetic field
strength of galaxies since redshift 7.7 Gyr) would lead to greater synchrotron emission from
the electron population around supernova remnants andagegiehance of electron ‘confinement’
— electrons radiating away all of their energy within a ggJa&ther than escaping. This would lead
to an increase in the radio luminosity for sources with gi8€iR at lower redshifts. No such effect
is seen, suggesting that there has been little evolutioheémtagnetic fields of galaxies over this
redshift range.
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