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Scienti�c Justi�cation: A Deep 1.4 GHz Radio Survey of WIRE Mid-Infrared FieldsBackground:The Wide-Field Infrared Explorer (WIRE) is NASA's 5th Small Explorer Class mission, planned for launch in March1999. WIRE will survey up to 1000 square degrees of sky in two broad mid-infrared bands (12 and 25�m) simultaneouslyto investigate the evolution of starburst galaxies and search for protogalaxies at high redshifts (Hacking et al. 1997).WIRE will have a sensitivity 500-1000 times greater than IRAS and an order of magnitude greater than ISO at 25�m.It will also have a sky coverage rate 200 times higher than ISO. We anticipate that WIRE will detect about 100,000starburst galaxies at typical redshifts 0:5<�z<�1 and potentially hundreds of protogalaxies at much higher redshifts.Figure 2 shows the correlation between radio and mid-IR ux for starburst galaxies (Xu et al. 1994). The sensitivitylimit of WIRE, f25� ' 0:5mJy, corresponds to a radio continuum ux density of f20cm ' 30�Jy. This is the uxlevel where the well established micro-Jansky excess in radio number counts appears (Condon 1984). There is weakevidence suggesting that this is due to a rapidly evolving starburst galaxy population (eg. Windhorst et al. 1995). Sincemost sources detected to WIRE's 3� confusion limit of 0:5mJy are expected to be starburst galaxies, a mid-IR/radiocomparison will allow us to �rmly establish the origin of the micro-Jansky excess. High resolution optical spectroscopywill also be used to strongly contrain the nature of this population.A comparison between the mid-IR and radio emission to our proposed ux levels will explore the mid-IR/radio correlationinto the sub-mJy domain. This will enable us to investigate the connection between radiation mechanisms in the infraredand radio emission to ux levels two orders of magnitude fainter than currently available data. Furthermore, the datawill reveal how this correlation and the radiation mechanisms evolve up to z � 2 in starburst galaxies and also AGN.The mid-infrared is also an excellent region to search for AGN which have been missed in optical and UV surveys dueto obscuration by dust (eg. Webster et al. 1995). This is particularly important for the far-infrared luminous `type-II'(or narrow-line) AGN detected by IRAS (Low et al. 1988) whose central continuum source is believed to be obscured byoptically-thick dusty molecular gas in a torus-like geometry (Pier & Krolik 1993). Emission from the torus is expectedto peak in the mid-IR and is con�rmed by the high detection rate of IRAS AGN using a `blue' 60 to 25�m colourcriterion. Due to limited sensitivity however, previous infrared surveys found a de�cit of high luminosity `type-II' AGNat high redshifts, with the majority being relatively low luminosity objects at z<�0:5. Only recently are studies at radio(eg. Becker et al. 1997) and hard X-ray (Iwasawa et al. 1997) wavelengths starting to reveal a potential new populationof high z type-II AGN. The statistics however are too low from which to deduce any meaningful constraints on theirevolution, the uni�ed model, and their connection to luminous starburst galaxies.WIRE's high sensitivity o�ers the possibility of detecting AGN to z � 4. In Figure 1, we show the number counts ofstarburst galaxies and AGNs at 25�m predicted for WIRE (Hacking et al. 1997; Lonsdale et al. 1997). These are basedon an extrapolation of the measured local luminosity functions evolving as L / (1 + z)3. The predictions for AGN andQSOs are lower limits since no assumptions for hypothetical obscured populations are made.Since radio wavelengths should have no bias against AGN obscured by huge columns of dust, we wish to combine theWIRE data with deep radio imaging as a diagnostic to pre-select high redshift AGN for further study. Studies haveshown that local AGNs and QSOs have radio-to-far-IR ux ratios (eg. 20cm/100�m) somewhat di�erent than normalgalaxies and starbursts (eg. Norris et al. 1988; Condon, Anderson & Broderick 1995). Due to limited sensitivityand statistics, a similar result involving mid-IR wavelengths for AGN is not well established (cf. Marx et al. 1994).A combination of both WIRE and radio data with deep near-IR/optical imaging and spectroscopy will enable us todetermine the radio-to-mid-IR relation for at least the `optically brighter' and local AGN. Such a relation will thenprovide a diagnostic for selecting potential `type II' candidates at z>�2.The recently completed `Phoenix Deep Survey' and `HDF-South Survey' at 20cm are complementary to this project (eg.Hopkins et al. 1998). These will also be followed up with WIRE. The `Phoenix Deep Survey' however was imaged witha sensitivity ' 100�Jy (5�), and will not be deep enough to match WIRE's expected sensitivity limit and source counts(see below). The HDF-South Survey on the other hand will go deeper and together with our proposed imaging of otherWIRE �elds, will provide an increased areal coverage with which to search for luminous protogalaxies, starbursts andAGN.Detectability at 1.4GHz:Based on the mid-IR/radio correlation for starburst galaxies from IRAS data (see Figure 2), we have the ux ratioR = f20cm=f25�m ' 0:06. Radio quiet AGN are observed to have similar values (eg. Marx et al. 1994), while theradio-intermediate to radio-loud AGN (<�15% of the AGN population) have ratios larger by factors of 100-1000 (Sopp& Alexander 1991). For a given 25�m ux, this will ensure that a large fraction of sources to our This estimate for Rtogether with WIRE's 3� confusion limit of ' 500�Jy corresponds to a ux limit at 1.4GHz of f20cm ' 30�Jy. However,3



since the SEDs of starbursts and radio quiet AGN peak strongly in the mid/far-IR, it's likely that K-corrections willhave the a�ect of increasing the observed ratio R to high redshift where R / (1+ z)0:5 for �20cm ' 0:8 and �MIR ' 1:3(f� / ���) (Schmitt et al. 1997). This will ensure that most if not all sources to WIRE's sensitivity limit will bedetected. To allow for modest integration times with the ATCA (see next section), we will aim for a sensitivity off20cm ' 40�Jy at 3�.Over the 0.6 square degrees of sky we propose to image, this sensitivity will enable us to detect � 500 starburst galaxiesand � 100 AGN (see Figure 1) with both WIRE and the ATCA. Source confusion down to 40�Jy (3�) is unlikelyto be a problem since the expected cumulative source count predicts a 1� confusion noise �c � 10�Jy for ATCA's6A-con�guration. (cf. with �c � 10� for the VLA's C-con�guration with 1500 synthesised beam; Bridle 1988). Each ofthe WIRE `deep' �elds we propose to image are also part of a deep multiband study. We have already obtained deepoptical images (to R � 25 mag) of all these �elds and plan to do further imaging in the near-IR. We also plan to dodeep optical spectrocopy of these same �elds with 2dF .Observational Setup:We plan to image � 0:6 sq. degrees of sky, equivalent to two 330 � 330 WIRE deep �elds. This is an excellent matchto ATCA's primary beamwidth of 330 FWHM. Furthermore, the 6A-con�guration synthesised beamwidth of 600 FWHMprovides a good match to the 2000 FWHM resolution of WIRE. Starburst galaxies near our proposed detection limit(' 40�Jy) however are still expected to be unresolved.With the 6A con�guration, we envisage a total 40 hours per WIRE �eld (allowing for calibration scans and additionalnoise sources) to enable detection down to ' 40�Jy (3�). We envisage requiring 4 separate 10 hour synthesis pointingsfor each target �eld and we propose to observe two �elds. These pointings will be �xed at the �eld center to ensureoptimal sensitivity.We propose to observe two WIRE target �elds. These targets currently avoid 1.4GHz sources > 0:4Jy within twodegrees of the �eld centers. However, a quick survey of some of these �elds may be necessary to asses the impact ofbright sources for the deep imaging. Ray Norris has given us technical advice on how to structure the observations andwill eventually be o�ered to collaborate with us on this project. Please direct any correspondence to him.ReferencesBecker, R., et al. 1997, ApJ, 479, L93Bridle, A.H. 1988, in Synthesis Imaging in Radio Astronomy, ASP Conf. Ser. 6, 443Condon, J.J., 1984, ApJ, 287, 461Condon, J.J., Anderson, E., & Broderick, J.J. 1995, AJ, 109, 2318Hacking, P.B. et al. 1997, in Di�use IR Radiation and the IRTS, ASP Conf. Ser 124, 432Iwasawa et al. 1997, MNRAS, 285, 683Lonsdale, C.J. et al. 1997, AAS 191, 3106Low, F.J. et al. 1988, ApJ, 327, L41Marx, M., Kr�ugel, E., Klein, U. & Wielebinski, R. 1994, A&A 281, 718Norris, R.P., Allen, D.A. & Roche, P.F., 1988, MNRAS, 234, 773Pier, E.A. & Krolik, J.H. 1993, ApJ, 418, 673Sopp, H.M. and Allexander, P. 1991 MNRAS 251,14pWebster, R.L. et al. 1995, Nature, 375, 469Windhorst, R.A. et al. 1995, Nature, 375, 471Xu, C., Lisenfeld V., and V�olk, H.J. 1994, A&A, 285, 19
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Figure 1: Predicted WIRE integral number counts at 25�m for Starbursts, AGN and a subset of AGN with QSO-like luminosity.These assume local luminosity functions derived from IRAS evolving as L / (1 + z)3 to z = 4 (Lonsdale et al. 1997).Figure 2: IRAS mid-infrared vs. radio ux for starburst galaxies in the Revised Shapley-Ames catalogue (Xu et al. 1994). Thepredicted 3� confusion limit for WIRE at 25�m is 500�Jy. Our proposed ATCA 3� limit is 40�Jy.
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