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ABSTRACT

Context. To investigate the joint evolution of active galactic nueled star formation in the Universe.

Aims. In the 1.4 GHz survey with the Australia Telescope Compactyof the Chandra Deep Field South and the European Large
Area ISO Survey - S1 we have identified a class of objects whietstrong in the radio but have no detectable infrared atidabp
counterparts. This class has been called Infrared-FaidibR&ources, or IFRS. 53 sources out of 2002 have been ctakalilFRS.

It is not known what these objects are.
Methods. To address the many possible explanations as to what theeraftthese objects is we have observed four sources with the

Australian Long Baseline Array.

Results. We have detected and imaged one of the four sources obsétsedming that the source is at a high redshift, we find its
properties in agreement with properties of Compact Steept8pm sources. However, due to the lack of optical andriefraata the
constraints are not particularly strong.
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1. Introduction which makes them invisible in the infrared; (iii) they arbés of

, . . nearby, unidentified radio galaxies; or (iv) they are an «wkm
Infrared-Faint Radio Sources (IFRS) were recently d'SCOWpe of galactic or extragalactic object. Because IFRS hsave
ered as a class by Norris ef al. (2006), and may be relaggd only been detected at radio wavelengths it is not passibl
to the Optically Invisible Radio Sou_rces (OIRS) |o!ent|f|e¢ bmeasure their redshifts, as spectroscopy requires sseamnd
Higdon et al. (20_05). IFRS are radio sources Wh_lch have Pdsitional accuracy, which the radio observations canmot p
counterparts in infrared images from ti$pitzer Wide-Area \jge Also, the comparatively low resolution of the radiceiges
Extragalactic Survey (SWIRE) between aré and 24um, and mgakes it dificult to select the correct optical counterpart, be-
are discovered in arcsec-scale radio observations. TR@y@x- c5;se the corresponding optical observations are deepgae
pected because it was thought that any galaxy which is a&tectnfusion-limited.
in radio observations should be detected in the infrarel weit . , . :

A promising route to find out more about IFRS is radio

atively short integrations. Assuming the SED of known aass . 4 X
vew niegratt uming W servations with Very Long Baseline Interferometry (VI.BI

of galaxy, a 5mJy radio source in the local Universe shou@ﬂsI b X . |
produce a detectable Spitzer source, regardless of whéthe observations are sensitive only to very compact struc-

is generated by star formation or AGN (active galactic nijcle lUreés With brightness temperatures of the order 6tLor more,
Similarly a normal L. galaxy atz < 1, whether spiral or ellipti- Which are unambiguous signposts of AGN activity. They also
cal, should be visible in our Spitzer and I-band data yield, when astrometric calibrators are used, positionsuac

Norris etal. (2006) and Middelberg ef al. (2008) togeth rate to milliarcseconds, and milliarcsecond-scale moligaies

I - . . . . .
identified 53 such sources out of 2002 (2.7 %) detected in ‘glr(l:(h can be interpreted in terms of the emission mechanism a

ATLAS survey, co-located with the SWIRE survey. Most o _ _

these sources have flux densities of only a few hundred micro- INorris et al. (2007) have observed two IFRS with VLBI and
jansky, but some are strong and have flux densities of more tifliscovered one. Unfortunately, their, ¢) coverage was too poor
20 mJy. Stacking 3.,6m Spitzer images at the positions of 22to make a reliable image of the detected source. They coedlud
IFRSNorris et al/[(2006) were unable to make a detectiohen tthat the VLBI observations were consistent with a radicdlou
averaged image and so demonstrated that IFRS are well bef&N at high redshift, or with a lower-power AGN at lower red-
the detection threshold of the SWIRE survey. shiftin an abnormally obscured galaxy.

The nature of IFRS and the reason for their faintness at in- Here we present VLBI observations of four IFRS discov-
frared wavelengths is unclear. Possible explanationshate(if) ered in the ATLAZELAIS field (Middelberg et al. 2008). We
these sources are extremely redshifted Active Galactiddilucselected S427 and S509 because they were the strongestiFRS i
(AGN); (i) they are dust-rich, extremely obscured galaxiethe ATLASELAIS field, and S775 because it is very extended
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S . Fig. 2. Plots showing thel, v) coverage of the observations of
S427 on 24 March (left) and of S775 on 21 June (right).
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—43°59'00" This bypasses the Nasmyth focus entirely and allows theprece
U tion of frequencies below 2 GHz. At the time of our observa-
007547167 147 137 1zn 11n 107 097 08 tions, a test system consisting of a fixed tertiary and an ciedo
J2000 Right Ascension 1.4 GHz receiver had been installed, yielding a system tempe

ature of around 1260K in RCP and 1390K in LCP. In the near

Fig.1. Contour plot of the ATCA 20cm image of s427future, a cooled receiver and moveable tertiary reflectdraki
superimposed on the 3B Spitzer image made as part'OW Ceduna to routinely participate in VLBI observationsky

of the SWIRE survey|(Lonsdale efdl. 2003). Contours afeééguencies between 1.2GHz and 1.8 GHz, in addition to is ex
drawn at 0.1mJy(1, 2, 4, ...) and the restoring beam wa'Sting higher frequency capabilities.

10.3x7.2 arcsec. The nearestinfrared source, located towagds th On 24 March, the coordinates of IFRS S427 and S509 were
south-east, is more than 6 arcsec away, making it very uplik@bserved for 5min each, followed by a 3 min-scan on the nearby
to be the infrared counterpart. Source S433, visible as a twRj)ase calibrator 0022-423, which has an arcsec-scale flux de

contour object 24.6 arcsec north-east of $427, also wasifiéas Sty (monitored with the ATCA) of 2.82 Jy. S433 was also in the
as an IFRS. It has a flux density of 243y. field of view of these observations. On 21 June, 8 min-scans of

the IFRS S775 were followed by a 3 min-scan of the same cal-
ibrator. One of the fringe finders 1921-293 and 0104-408 was

on arcsecond scales, showing structures reminiscente$labd 0bserved every two hours in either run. The LBA sensitivils
jets frequently seen in AGN. After the observations it was diculatof] predicted a baseline sensitivity of 3 mJy for a 3 min cal-
covered that the weak IFRS S433 was located only 24.6 arc8@@tor scan on the least sensitive baseline between Mopta a
north-east of S427 (Fifl 1), and was well within the field afwi Hobart. The predicted image sensitivities, using all detaxe

of the VLBI array. The details of the sources observed atedis around 5QuJy for the targets.

in Tablel1.

3. Calibration

2. Observations ]
The lower and upper 10 out of 64 channels in each IF had low

We observed the IFRS with the Australian Long Baseline Arraamnplitudes and were flagged. Also, after source changesthe ¢
(LBA) in phase-referencing mode. On 24 March 2007 the okelator produced data although the antennas had not yeedrri
serving frequency was 1.6 GHz and the participating antestthe source positions, requiring the flagging of 30's of tae b
nas were the Australia Telescope Compact Array (ATCA), thfinning of all scans, and occasionally more. A short seatibn
64 m Parkes telescope, the 22m Mopra telescope and the 2§ #inge-finder observation was fringe-fitted to obtain desi
telescope near Hobart. On 21 June 2007 the observing fsgd instrumental delays, and phasksets for each IF and po-
quency was 1.4GHz and the same array was used, plus [i€zation separately. These solutions were applied teetiize
30m telescope at Ceduna. The ATCA, Parkes and Mopra teferta set, and allowed averaging across the band in the subse-
scopes recorded a total bandwidth of 64 MHz in both polarizguent fringe-fitting of the phase calibrator. The phasebcator
tions, using 2-bit sampling, subdivided in 16 MHz wide IF oha was detected on all baselines throughout the experimertits wi
nels. Both right-hand and left-hand circular polarizativere g high signal-to-noise ratio (SNR). Initial amplitude tadition
recorded. The Hobart and Ceduna telescopes recorded a t@tgd carried out usingsys values measured during the observa-
bandwidth of 32 MHz with the same setup. Both observing ruigns, and known antenna gains. The phase calibrator was the
lasted for 12h. The totalu(v) coverage of the two observingimaged in Difmap[(Shepherd 1997). Amplitude self-calitmat
runs is shown in Fid.]2. was performed in Difmap with a 720 min solution interval lglie
These are the first published LBA observations using Ceduipg small <20 %) corrections for the antenna gains. The com-
at 1.4 GHz. The design of Ceduna (an old telecommunicatiomgx gains from this procedure were then applied to the targe
dish donated to the University of Tasmania in 1995) had ngontour plots of the calibrator are shown in Hig. 3. An area of
foreseen observations below several GHz, and frequermies | 2 centred on the targets’ arcsec-scale emission was imaged to
than 2 GHz are blocked by waveguides in the Nasmyth focusok for the sources.
Efforts are now underway to work around this limitation by
installing a tertiary mirror at the centre of the main reftect * httpy/www.atnf.csiro.atvlbi/calculator
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Table 1. Source parameters and results from our observations. @olursource name; column 2: formal IAU designation, which
for brevity we do not use elsewhere in this paper; columns@drdinates used in the observations. The target codedirtifer
from those published in_Middelberg et &l. (2008) becausg there taken from an early version of the 1.4 GHz ATCA image;
column 5: ATCA 1.4 GHz flux density by Middelberg et al. (2008)mJy; column 6: integrated flux density found in the VLBI
images in mJy; column 7: peak flux density of the VLBI imagesnidly; column 8: rms noise measured from the VLBI images
in mJy. The peaks in the last three sources all are belowahd the locations of the brightest pixel does not coincidta the
arcsec-scale source position. The VLBI flux densities wéremaasured at 1.6 GHz, with the exception of those market wit
superscript asterisk, which were made at 1.4 GHz.

Source IAU designation RA Dec SiaGHz  SviBl SwviBimax MSygi
mJy mJy mJy mJy
(1) (2) (3) (4) (5) (6) (7) (8)
0022-423 PKS 0022-423 00:24:42.989741 -42:02:03.94796 2028 2690 1750 6.4
2390 1790 2.7
S427 ATELAIS J003411.59-435817.0 00:34:11.59 -43:5836. 21.4 125 8.2 0.14
S509 ATELAIS J003138.63-435220.8 00:31:38.64 -43:5324. 22.2 <0.27 0.065
S433 ATELAIS J003413.43-435802.4 00:34:13.43 -43:5&1Q2. 0.2 <0.27 0.069
S775 ATELAIS J003216.05-433329.6 00:32:16.01 -43:39%7. 3.6 < 0.26 0.055
5;2;“,:;?:;‘1%;;:@:25;7 vz 8;22”:;;;3:{"1‘,‘;;:@;‘%3;7 wz PLot file version 1 created 23-JAN-2008 16:05:15
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4. Results and discussion Center at RA 00 34 115899990 DEC 43 56 17035934

Cont peak flux = 8.2113E-03 JY/BEAM
Only one of the three targets, S427, was detected with good 55~ 20005047 (1 1.2,4.8.16.32,64,
SNR. The other three fields were completely devoid of emis-
sion. In the case of S433 the loss of sensitivity due to wieleHi Fig.4. Contour plot of the IFRS S427. Contours are drawn
effects (bandwidth smearing, time smearing, and primary beam 0.2 mJk(-1, 1, 2, 4, ...) and the restoring beam was
attenuation) is of the order of only a few percent on the l@bge51.7 mas23.6 mas.
baselines, and hence is negligible. Therefore its nonetleteis

just as significant as the other non-detections.

infer a minimum brightness temperaturelgfmin = 3.6 x 1(°K,
4.1. 5427 indicating non-thermal emission. We therefore conclucé tie

The image of S427 in Fig] 4 displays a slightly, though signifSeurce contains an AGN.

cantly extended point source, with the highest sidelobaseael A VLBI image is a significant step towards understanding
of 0.3mJy. Even though the extension is weak, it is unlikely these mysterious objects. First, we now know that the detect
be an imaging artefact because a) the image quality could BeNorris et al. (2007) is not a single, isolated event. Althlo
improved considerably by including the extension in the eipd VLBI detections appear not to be the rule, they also do not ap-
and b) because the flux density measured on the shortest b@@r to be rare. Second, the extension visible infig. 4 altowe

line was about a factor of two higher than that measured on tffemake statements about the source geometry and to corhpare i
longest baseline. The peak flux density in the image is 8.2 mi®yobservations at lower resolution.

and the integrated flux density is 12.5mJy. The limitegv) S427 has an arcsec-scale flux density of (21.97)mJy
coverage defied attempts to develop a more detailed modkl, éeliddelberg et al. 2008), 58 % of which we recovered on base-
caused the noise in regions away from the source to be ddines longer than 500k or on scales smaller than 410 mas, and
inated by sidelobes rather than receiver noise. On the &ing&3 % of which are detected on baselines longer than &.5dvl
baselines the source has a flux density of 7 mJy, from which wa scales smaller than 32 mas.



4 E. Middelberg et al.: The first VLBI image of an Infrared-faiRadio Source

4.2. The spectrum of S427 ; ; ; ;

Following up on these results, on 27 and 29 April 2008 we
observed S427 with the ATCA at 4.8 GHz and 8.6 GHz, using
director’'s time during a maintenance period. At 4.8 GHz we 20
were able to combine data from the 6A and 750A configuraz
tions whereas the 8.6 GHz data were only observed in the 750
configuration, and therefore yielded an image with a lowsofe
lution and image fidelity than the 4.8 GHz data. The bandwidt@ {
was 128 MHz in two polarizations, and the integration times

were 11 h at 4.8GHz and 5.6 h at 8.6 GHz.

The 4.8 GHz image (not shown) displays a marginally re-
solved source which is adequately described by a Gaussthn wi
Bmax = 5.7” andBpi, = 3.5” in PA = —3%° (north through east). 2r 1
The deconvolved size was found to h&1x0.7” in PA = -63°, ‘ ‘ ‘ ‘
so the source is close to being unresolved. The 8.4 GHz im- 1000 2009 4000 8000

F / MH
age (also not shown) displays a slightly extended sourcle wit requerjcy ’
4.2 x 3.6 in PA = 51° and a deconvolved size of® x 2.5 Fig.5. The arcsec-scale radio spectrum of S427 between

in PA = 58. The integrated flux densities were found to b843 MHz and 8640 MHz, and a power-law fitted to the data.
Sug00= (6.4 + 1.3) mJy and58640 = (1.8 + 0.4) mJy.
The PA of the deconvolved Gaussian at 8.6 GHz is in appro&;n

T
L

10 | 1

nsity

imate agreement with the PA found at 1.4 GHz, but this extefyminosity of 3C 273, hence is high (e.g.. O'Dowd et.al. 2002)
sion has not been found at 4.8 GHz. Our observations at 8.4 GRYJ notimpossible. ,

had significantly lower SNR than those at 4.8 GHz, which may "€ Size of the source can be estimated as follows. In the
have afected the deconvolution. However, the SNR at 8.4 GHz g4 GHZz ATCA image the source was well represented with a
too high to be the only reason for this discrepancy, and theze Saussian of 1827 x 7.89” in PA 174. After deconvolution

the deconvolved size of S427 at this frequency is not undegst from the restoring beam, the intrinsic source size was found

. to be 330" x 274’ in PA 95. At z=1 the linear scale is
Froma2.3GHz follow-up Survey of the ATLABLAIS field 8.0kpcarcse? (5.3kpcarcsed), and so the intrinsic source
currently being conducted by us with the ATCA, and from thgize is of the order of 24 kpc (16 kpc)

SUMSS surveyl (Back et dl. 1999) we have obtained two more We point out that the position angles of deconvolved sources

spectral points for S427. The catalogued flux density from tri1n the source catalogue by Middelberg et al. (2008) are very

SUMSS survey at a frequency of 843MHz and with a reSOIlé'venly distributed and do not appear to be biased in any-direc

ﬂ]o;r sz 43BGIi|<z6if-rn awgsagdfilnfr én;;]g uae?ndc fr(())TzoXZr 4pée|_||';néti n. Hence the orientation of S427, when deconvolved frioen t
y e 9 9 y ’ storing beam in the arcsec-scale image, is in agreemémt wi

with resolution of 52 x 28” we have obtained a flux density ofthe extension seen in the VLBI image.

(12.5£1.9)mJy. We have convolved the 1.4 GHz ATLEEAIS It is surprising that S509 has spectral properties which are

image (with a centre frequency 1.382 GHz and a resolution of " © = ; = -~
10.3” x 7.2”, but suficient short-baseline coverage for a Iowz1 ?]:jy tﬂg,%zsto §4gz’ové"t§]é42f3§2 1—26—T‘C])¥.’SI?‘;3i;tr?r?é?cms‘?%/é
resolution image) with an appropriate Gaussian kernel te g€ 1382 — Qo404 =~

erate an image with a resolution matching that at 2.3 GHz, a%Hl‘A'GHZ af(tjert dicgnvolutl(z;wLSr[B'b X 2'73 In PAh_Sg"_. :Eéa
found a flux density of 22.7 mJy. This is within the errors af th'thretn}"?‘t'ns UP 1elec eA(';nNo.lt”. 0 set(va||ons Wk Ich In ot
flux density measured from the higher-resolution image and i. at it contans an It 1S comparalively weak or curiign
dicates that there is no faint emission on scales of tensséar Inactive.

as would be expected from a very compact source. The spec-

tral indices therefore can be computed from the full-reSofu 4.4. The nature of S427

1.4 GHz image, and arg%3, = —1.39 anda352 = —0.96.

The five flux density measurements now available are sho
in Fig.[3. We also show a power-law function fitted to the dat
which is able to represent the data rather well, and which h
an exponent of -1.31, showing that the source has a very sté
spectrum over a decade in frequency. S

\ﬁli]ven its brightness temperature, S427 must contain an AGN,
nd this AGN accounts for 58 % of its total flux density. Given
%compactness, it is not a radio lobe of a yet unidentifiglira

axy, which was one of the possible explanations. Also, it

ep spectrum indicates that the radio emission from Sg27 i
not dominated by star formation, which is expected to preduc
spectral index of around -0.7.
4.3. Modelling the properties of S427 at two redshifts S427 does not appear to be a “standard” fRadio galaxy.

Its linear size of less than 24 kpc if between redshifts of d an

Following the discussion by Norris etlal. (2007), we model th7, derived from the ATCA observations, is smaller by a factor
emission of S427 assuming it has redshiftzef 1 andz = 7 a few than what is typically observed in FR | galaxies (aliftou
(the results of which we give in brackets). The measured flwery few are quite smaller than that), and its 1.4 GHz luminos
densities need to be corrected for redshificorrection) and ity of log(L)=26.05W Hz?! if z=1 and log(L}=28.11W Hz?
spectral indexd, S « v*). S427 has a 4.8GHz flux den-if z=7 is at the very high end of what is being observed
sity of 6.4 mJy which, when corrected for redshift and spe¢©wen & Ledlow|1994). FRII radio galaxies are even larger
tral index, corresponds to a rest-frame 5GHz luminosity d¢fian FRIs, but their luminosities can be as high as that o7S42
7.9 x 10P°WHz! (55 x 10PWHz™! if z=7, usingHo=71, if at z=7. Furthermore, in FRII radio galaxies almost all of
Qm = 0.27 andQ,,c = 0.73). At z=7 this is approximately the the emission comes from the extended radio lobes, in particu
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lar at low frequencies (due to the steep spectral index of thweo orders of magnitude lower than the 1.4 GHz flux densities,
radio lobes). In S427 33 % of the emission comes from scalieslependent of object type. Their study includes the thresua
smaller than 250 pc, which would be unusual for an FRIl. WESS sources PKS 0252-71, PKS 1151-34, PKS 1814-63 and the
conclude that although we cannot rule out that S427 is glFR IGPS source PKS 1934-63. The radio and infrared properties of
radio galaxy, its extent, luminosity and internal disttibn of these sources follow the trend of their sample. For S427 that
emission make it unlikely. implies that the expected 24n flux density would be between

A large fraction €40%, O’Deal 1998) of radio sources0.2mJy and 2mJy (compared to 160 mJy Heckmaniet al.l 1994
are the Compact Steep-Spectrum (CSS) and Gigaherz-Pedkatifor 3C 48). The b sensitivity of the 24im ATLAS/Spitzer
Spectrum (GPS) sources. CSS and GPS sources are very sotakrvations is 252Jy hence the non-detection of 2s emis-
yet strong radio sources. They are contained within thedst heion in the ATLAS survey is consistent with the observatibys
galaxies, with CSS source being smaller than 20 kpc, wherdzisken et al. [(2008). However, we note that their work is con-
GPS sources are smaller than 1 kpc, so that they are smalter tberned with very bright radio sources, and that the conehssi
the narrow-line region. The two competing models to explaimade are unlikely to be applicable to a poorly understoosiscla
their properties are that they are either “frustrated” oaghlax- of objects such as the IFRS.
ies which are confined by their host galaxy’s very dense ISM,
ot that they are young objects which eventually will evolntoi i
large radio galaxies. A detailed review can be founH in O'Dex Conclusions

(1998). Given its extent of more than 1kpc and its power-laye present the first VLBI image of an Infrared-Faint Radio
spectrum between 843 MHz and 8640 MHz, we can rule out thgg,rce and report the non-detection of three more IFRS disco
S427is a GPS source. B ered in the ATCA 1.4 GHz observations of the ATLABAIS

A general requirement for sources classified as CSSfig|d. The main result of our observations is that S427 harbou
a spectral index of less than -0.5, a source size of legg AGN, and that it is not simply a radio lobe of an unidentified
thagl abOlZJt 201kpc’, and 1.4GHz luminosities of more thaggio galaxy. The size, spectrum, and radio and IR lumigosit
10°Wm2Hz* (O'Ded 1998). S427 has loig(4)=26.1ifz=1  of the detected IFRS S427 are consistent with those of a high-
and log(14)=28.1if z=7. Its size and luminosity are thereforgedshift Compact Steep-Spectrum source, and are incensist
in good agreement with typical CSS luminosities, if S427tis @ith a standard Lgalaxy at z1, or a FR Il galaxy at any red-
high redshifts. shift.

Using VLBI observations of seven strong CSS, Together with the two IFRS observed by Norris et al. (2007)
Tzioumis et al. (2002) detect double-lobed structures in Q.he number of IFRS observed with VLBI is now 6, and the num-
objects. They also find that in most of their objects more thager of detections is 2, showing that at least some fractioRRS

50 % of the arcsec-scale flux density is contained in the VLBke associated with AGN. We plan further VLBI studies to de-
images. However, in one case the amount of emission resolygfhine the nature of these enigmatic objects.

out by the VLBI observations is as high as 70%. Within the
limits of our observations, S427 does not display a doudbted
structure on mas scales and so is not a typical CSS. References

_The irjfrared properties of CSS sources are not well studieﬁgmky D.C.-J., Large, M. I., & Sadler, E. M. 1999, AJ, 117, 857
so it is dificult to make a statement about whether S427’s IRcken, D., Tadhunter, C., Morganti, R., et al. 2008, ArXipknts, 803
properties are typical for a CSS or niot. Heckman et al. (199&nti, C., Pozzi, F., Fanti, R., et al. 2000, A&A, 358, 499
find that the ratio of IR to radio luminosity of radio galax-Heckman, T. M., O'Dea, C. P,, Baum, S. A., & Laurikainen, E949ApJ, 428,
ies is relatively independen_t of the obje_ct cIas_s (F_R I, squa egSR” Barthel. P. D.. & Hoekstra, H. 1995, AGA, 303, 8
GPSCSS, and so on). This was confirmed in similar studygdon, 3. L., Higdon, S. J. U., Weedman, D. W., et al. 2005],426, 58
ies carried out by Hes etlal. (1995), and|by Fanti et al. (200@pnsdale, C. J., Smith, H. E., Rowan-Robinson, M., et al2BASP, 115, 897
However, these authors all studied predominantly 3C s«surdéiddelbsr% EA-}Norrisj RAP-,lctovael:\,lT-Jt-, letzéngO/?\%/i\;%glﬂﬁ

i i i i s, R. P., Atonso, J., Appleton, F. N., et al. , ,
\;V;]Ifhl are selelcted tg kl))e ’\\;lerly brlgr:tb|_n the rda(t:ir;o,_ and S? thé\ﬁ’grris, R. P., Tingay, S. J., Phillips, C., et al. 2007, MNRAS

ples are plagued by Malmquist bias and their conclusigiise, ¢ p 1098, PASP. 110, 493

may not be applicable to IFRS. However, given the lack @powd, M., Urry, C. M., & Scarpa, R. 2002, ApJ, 580, 96
other data we estimate the IR luminosity of a CSS at high redwen, F. N. & Ledlow, M. J. 1994, 54, 319
shift.[Heckman et al! (1994) present a sampléRAS-detected Shgp*fﬁ;d' M. gé 12337n’1$invf\§§ Conf. Ser. 125: AstronomicalaD&talysis
GPSCSS sources. Their }2n flux densities typically are of .Ogmi:r:f*[lmg?’& Morganti, R., et al, 2002, AGA, 3048
the order of tens of mJy, but only one object classified as ng
by|O’Dea (1998), 3C 48, has been detected at wavelengths be-
tween 12:m and 10Q:m. 3C 48 has a redshift of 0.367, and ifacknowledgements. We thank the st of the Australian Long Baseline Array
shifted to z1 would have a (k-corrected) 24n flux density of thgr_r&ﬁ?(l;ririlr?sttgﬁiggiﬁ;vitfgngrf;;r}teegdir;rt]fliﬁepgrézru ﬁ(:sfgsnvr\]le thank Brett
So4m = 10.6 mJy and a 3.6m flux density ofSzg,m = 0.5mJy, ~© -
wh4iﬂch would have been detected in the SWIREysurvey. However,
at z=7 it would appear as a source wiSp4m = 4.6uJy and
Sz eum = 0.9uJy, which is much too faint for the SWIRE survey.
Hence if S427’'s host galaxy is similar to that of 3C48 it musst b
at high redshift.

Dicken et al. |(2008) have recently carried out an investiga-
tion of the radio and infrared properties of powerful, radio
loud radio galaxies at intermediate redshifts using ltteeadata,
ATCA, VLA and Spitzer observations. Their data suggest that
the 24um flux densities of radio galaxies are typically one to
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