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Using extremely deep (rms  3.3uJy/bm) 1.4 GHz sub-arcsecond resolution MERLIN+VLA ra-
dio observations of a 8’5 8'5 eld centred upon the Hubble Deep Field North, in conjuncti on
with Spitzer 24 um data we present an investigation of the radio-MIR correlation at very low ux

densities. By stacking individual sources within these data we are able to extend the MIR-radio
correlation to the extremely faint (- microJdy and even sub-micrody) radio source population. Ten-
tatively we demonstrate a small deviation from the correlation for the faintest MIR sources. We
suggest that this small observed change in the gradient of the correlation isthe result of a suppres-
sion of the MIR emission in faint star-forming galaxies. This deviation potentially has signi cant

implications for using either the MIR or non-thermal radio emission as a star-formation tracer at
low luminosities.
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1. Introduction

Radio and infrared emission from galaxies in both the nearby and distant Universe is thought
to arise from processes related to star-formation, hence resulting in the correlation between these
two observing bands. The infrared emission is produced from dust heated by photons from young
stars and the radio emission predominately arises from synchrotron radiation produced by the ac-
celeration of charged particles from supernovae explosions. It has however recently been suggested
that at low ux density and luminosities there may be some deviation from the tight w ell-known
radio-IR correlation seen for brighter galaxies [f, f].

[@ argue that while the IR emission from luminous galaxies will trace the mgjority of the
star-formation in these sources, in low luminosity galaxies the IR emission will be less luminous
than expected considering the rate of star-formation within the source (i.e. the IR emission will not
fully trace the star-formation). In this scenario the reduced ef ciency of IR production relative to
the source star-formation rate (SFR) would be the result of inherently lower dust opacitiesin lower
luminosity sources and consequently less ef cient reprocessing of UV p hotons from hot young
starsinto IR emission. The simple consequence of thisisthat at lower luminosities the near linear
radio-IR correlation Lragio OL!, with y> 1 (e.g. [, ) will be deviated from. Of course such an
assertion is dependent upon the radio emission providing a reliable tracer of star-formation at low
luminosities which may be equally invalid.

Recently [B] have presented astatistical analysisof Australia Telescope Compact Array (ATCA)
20cm observations of the 24 um sources within the Spitzer Wide Field Survey (SWIRE). In this
work [[] have co-added sensitive (rms 30 uJy) radio data at the locations of several thousand
24 um sources. Using this method they have statistically detected the microJy radio counterparts
of faint 24 um sources. At low ux densities (S 24;m = 100 uJdy) they con rm the IR-radio cor-
relation but nd it to have a lower coef cient (S 1.46Hz =0.039 Sp4m) than had previously been
reported at higher ux densities. This coef cient is signi cantly differe nt from results previously
derived from detections of individual objects (e.g. [B]) and is speculated by [J] to be the result of a
change in the slope of the radio-IR correlation at low ux densities.

In this work (which is described in more detail in [, []]) we have utilised very deep, high
resolution 20 cm observations of the Hubble Deep Field North and surrounding area made using
MERLIN and the VLA [fg] in combination with publicly available 24 um Spitzer source catalogues
from GOODS to study the MIR-Radio correlation for microjansky radio sources. This study ex-
tends the ux density limits of the radio-IR correlation by more than an order of magnitude for
individual sources and overlaps the ux density regime studied using statis tical stacking methods
by other authors.

2. Observations

2.1 Radio Data

Extremely deep radio observations of the HDF-N region were made in 1996-97 at 1.4 GHz
using both MERLIN and the VLA. These observations wereinitially presented in [, [ and [[LJ].
Theresultsfrom the combined 18 day MERLIN and 42 hr VLA observations are described in detail
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Figure 1. Mean (left) and median (right) images of the 1.4 GHz radio emission for all sourc&swnhm the six
faintest 24 um ux density logarithmic bins plotted in Fig. 1in descendin g ux density order from top-left to
bottom-right. The range of 24 um ux density over which each image has been stacked is shown a t the top
of individual panels. Each image |scoBtoured with Ievels of 2, 1414, 11,1414, 2, 2.828, 4,5.657, 8,
11.31, 16, 22.63and 32times3 (3.3/ N) uJybm 1, where N equals the number of 24 m source positions
averaged in the map. The peak ux density, lowest plotted con tour and number of IR sources which have
been averaged over (N) islisted at the bottom of each image panel.

in [B]. The combined MERLIN+VLA image has an rms noise level of 3.3 uJy per 0%2 circular
beam making it amongst the most sensitive, high-resolution radio images made to date.

2.2 GOODS-N Spitzer 24 um observations

As part of the GOODS enhanced data release! (DR1+ February 2005) a catalogue of Spitzer
24 um source positions and ux densities for the GOODS-N eld were released . This source
catalogueislimited to ux densities >80 uJdy providing a highly complete and reliable sample. At
the time of writing this 24 um source catalogue represents the most complete and accurate mid-
infrared source list publicly available for the GOODS-N/HDF-N €ld.

All 24 um sources which are detected optically in GOODS HST ACSimages show an accurate
astrometric alignment with their optical counterparts implying that the astrometry between these
two data-sets and their subsequent catalogues is self-consistent. However, a comparison of the
astrometric alignment of the positions of sources catalogued by GOODS derived from their HST
ACS images [[L1, [{] shows there to be a systematic offset in declination of 09342 from the radio
reference frame. Thislinear declination correction, although small relative to the Spitzer resolution

Thttp://www.stsci .edu/science/goods/DataProducts/
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