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We present new radio data of IRAS FSC10214, a gravitatiptatised starburst/AGN compos-
ite galaxy at z=2.3. Our Bayesian MCMC source plane recoostm places what we argue to
be the AGN core VLA 8 GHz) and the scattered quasar lightST rest-frame ultraviolet) at an
angle perpendicular to the ultraviolet polarisation anglee size of and projected distance to the
dominantHST UV emission component is roughly consistent with the smaaotlarisation angle
variation observed witlh{ST polarimetry, suggesting that the modelled offset betwbesd two
components is reasonably accurate. Both of these complieirtside a larger 1.6 GHz compo-
nent (observed withMERLIN) thought to be dominated by a radio lobe based on its steép rad
spectrum but very likely to include star formation as wellagi the substantial molecular mass
(Mu, ~ 10*2u=1Mg) in this system. Our lens model finds thST rest-frame UV component
is preferentially magnified due to its closer proximity te tbusp of the caustic. A preferential
magnification of the narrow line region dust clouds, where dtiraviolet scattering is assumed
to occur, supports previous claims that differential mégation could mask the expected poly-
cyclic aromatic hydrocarbon spectral features in the 8pitzid-infrared spectrum which broadly
trace the star forming regions. Further predictions wiltdsted with upcoming&VN and VLBA
observations.
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1. Introduction

It is now known that star formation and the growth of super-massive llalds in galaxies
are strongly linked (e.g. [1]; [2]), however the mechanisms involvedatget clearly understood.
Detailed observations of galaxies at cosmological distances are retuaiddance our theoretical
and subsequent numerical models of galaxy evolution over cosmic time. péadialsresolution
observations of galaxies with both starburst and AGN characteristicalédeeto give a unique
perspective of the interplay of these components. This is a particularlgnbavprobe of galaxy
evolution at 2.2, corresponding to the peak of quasar and star formation activity4]B];Jo this
end, many observations target gravitationally lensed sources whichganal@atural boost in flux
and angular extent. One of the challenges of using this ‘cosmic telescagiffeigntial lensing:
different emission scales have differing magnification factors that caortlise global SED. This
contribution presents first results of an extensive radio/mm observogggnme to quantify this
effect and the intrinsic SB/AGN energy contributions in the famous stronghkel@ system IRAS
FSC10214+47 (IRAS 10214 hereafter).

2. Observations

New observations have includ&ERLIN 1.6 GHz,VLA 8 GHz A-array (both resolved) and
GMRT 330 MHz, Arcminute Microkelvin ImagerAMI ) 16 GHz (both unresolved).The multi-
wavelength study of the object from radio to X-ray is detailed in Deane €@1.1, in prep.). Here
we show the new radio SED data points added in the spectrum and therofoctsention on the
resolved maps and inferred source plane structure. Asgparenglobal SED in Fig. 1 illustrates,
IRAS 10214 is an obscured AGN with significant star formation, both of wlhie confirmed by
spectral features including a polarises20 %), broad £6000 kms?) Civ line [5] and a vast
reservoir of molecular hydrogen gH~ 5-10" u~1 M., [7], [8]). There is substantial mid- to
far-infrared dust emissiorMyust ~ 10° =1 M), strong NIR emission with a steep downward
slope toward shorter wavelengths which suggests high extinction by a mslgar torus and/or
the host galaxy. Curiously, Spitzer NIR spectroscopy revealed a. gilicate emission feature
[6] which is, naively, not expected in type-Il quasars. The hostxyadgpears to dominate in the
optical band (rest-frame) while the low S/N X-ray detections by both ChaathiiaXMM-Newton
are roughly consistent with the NIR derived luminosity of the buried AGN (widlumn density
Ny > 1072 cm2 ; [17]). The (sub)millimetre observations reveal a substantial dust mdsks
line observations in this part of the spectrum have measured high molecidsesngow to highy
CO, HCN, Ci; e.g. [7]D.

We have extended the radio SED coverage which confirms a steep specimponentd =
1.0, wherea = —:gg&ﬁ;g) betweenVgps ~330 MHz to 4.8 GHz. The spectrum flattens between
4.8 GHz and 16 GHz with an apparent peak at 8 GHz, most likely as a rdsaliat-spectrum
AGN core. Our two high resolution radio maps trace both these regions, thbil¢ST814W map
of [9] is dominated by scattered quasar light as inferred fle8T polarisation observations and
suggested by the SED. The larger, 1.6 GHz component (observedA&RLIN) is thought to be
dominated by a radio lobe based on its steep radio spectrum but likely to irsfaid&rmation
as well given the substantial molecular malgls{ ~ 102 u=1M). In subsequent modelling, we
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Figure 1. The X-ray through radio SED of IRAS FSC10214 showing thedHhyands probed by the high

resolution imaging presented in this work: radio jet (bJugBN core (red), scattered quasar light (green)
as traced by th#/ERLIN 1.6 GHz,VLA 8 GHz andHSTWFPC2 instruments respectively. Yellow bands
represent th&/STNICMOS 1.1um and 1.6um imaging which trace the host galaxy’s stellar component.

assume the 1.6 GHz, 8 GHz and HST814W maps are dominated by the lobendoseattered
quasar light respectively.

2.1 MERLIN 1.6 GHz

IRAS 10214 was observed for 24 hours WMERLIN array including the 76 metre Lovell
Telescope. J1027+480 was used as a phase calibfsfior (1°) and B 2134+004 was used as
a pointing calibrator (positional accuragy 0.36 mas). We achieve ad-noise sensitivity of
~45 uJy per 405x 349 mas beam. The resultant map reveals a resolved ‘arc’ (Fig. 2, left panel)
roughly co-spatial with the HST814W image [9]. A number of 2-Peaks are seen in the region
of the foreground lensing galaxy as well as the counter-image positi@paged by [9], however
nothing further can reliably be inferred at this low significance. A compar® theuwtapered
and full resolution maps suggests that no flux is resolved out. The 330 thidagh 4.8 GHz
spectral index suggests, within the errors, that no significant extehded resolved out in the
MERLIN 1.6 GHz map.

2.2 VLA A-array 8 GHz

IRAS 10214 was observed twice with th& A in X-band in the 1990s, both with consistent
flux densities and centroid positions. The second, deeper observati@ved a sensitivity of
13 uJy beant!. Both sets of data have been re-reduced and combined to produce tlie Fig®
(middle panel). Independent astrometry shows a spatial offset betiveestominant peak and
the HST optical peak of~0.4 arcsec. This offset is consistent with the much shallof+and
observation by [10] who measured an offsefdéf = 0.63+ 0.37”. Apart from the main detection
of the ‘arc’, the combined 1991/1995 map reveals two peaks, one eastward of the ‘arc’, the
other eastward of the optical counter-image. The latter has a very lowauater-image’ ratiqr =
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Figure 2: Left panel: MERLIN 1.6 GHz map witho ~ 46 Jy per 405x 349 ma$ beam.Middle panel:

8 GHz VLA map witho ~11 uJy per 292x 267 mad beam.Right panel: HST814W map with counter-

image and arc. The integrated arc/counter-image flux dereip is [I ~ 75+ 25. Note that the lens has
been fit using GALFIT and removed from this image. The FWHM oP&Fs are shown in the lower left of
each frame. The cross indicates the centroid of lensingcgaa measured from the HST160W map.

8, inconsistent with all previous and the current study’s lensing redthis.radio ‘counter-image’
is not seen in either of the 1991 and 1995 maps and so despitavitsighificance this is not a
robust feature. We therefore assume the detectiantisecure.

2.3 HST814W

IRAS 10214 was observed with the WFPC2 F814W filter during two orbitsloBdcember
1994. The morphology (see Fig. 2, right panel) shows a eldddong arc and a low S/N detection
of the counter-image. The observations, derived properties and leselling are fully described
in [9]. Two key attributes of this map are accurate PSF characterisatiomstrometry. The
PSF FWHM is~100 mas as derived from the ‘Tiny TintHST software package usingka-star
source colour since an accurate empirical estimate was not possible. Tuiig described in [9]
and is consistent with two stars in the field, one of which is saturated and teetothweak for
accurate PSF estimation. The astrometry is in agreement with determinationd #08) 14] and
Simpson et al. (2011, in prep) to withix@ < 10 mas.

3. LensMode

The leading lensing model in the literature of IRAS 10214 is that derived®hyThey use
a least-squared approach, minimising the distance between the model aréllhgh@est pix-
els in the arc and the brightest pixel in the counter-image. Their modellingifaanrisothermal
sphere ellipticity ofg = 0.3, position angl®A = -11°, and Einstein radiuég = 0.82” to match the
arc/counter-image ratio e 50— 100 in the HST814W map. We have written a Bayesian MCMC
algorithm to determine a new lens model and quantify the associated uncestailiieselect ob-
servationally motivated priors based on the position angle and ellipticity of the, depublished
HST Hband map. There are two major advantages to {ilsSensitivity: the HST 160W map
has roughly a factor of 2 better S/N than the HST814W nfapDark M atter Tracer: the lensing
galaxy is observed at rest-franieband tracing the older, more virialised stellar population which
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Figure 3: IRAS 10214 Source plane reconstruction showing the AGN ¢gmeen), scattered quasar light
(blue), and radio lobe (red). White contours represent lofesqual magnification gtt = 10, 20, 50, 100,
150.

will better sample the dark matter potential. We derive the position angle and elligtiting of

the lensing galaxy from FOGALFIT two-dimensional Sersic fits to the HST160W data, performed
in Monte Carlo sense, varying all initial values. The MCMC derived lensehpdrameters are:
ellipticity g = 0.2 £ 0.02; position angl€’A = -4° + 3°; Einstein radiu®e = 0.865+ 0.03” which

is the equivalent of a one dimensional velocity dispersipe= 2555km s * for an isothermal dark
matter halo distribution. The full lens model derivation is detailed in Deane @Q@d1, in prep).

4. Results

The derived 2D marginalised posterior probability distribution functions efsthurce plane
parameters show that the position and radii of each components are tighdlyained. The confi-
dence levels show a high degree of statistical evidence that these caortgbaee offset centroids.
As expected in our simple model (of radio lobe, core and scattered lightjotteecomponent,
presumed to dominate the 8 GHz map, has the smallest source plane scal€radii¥ mas,
138 pc at z = 2.3). This yields a magnificationof= 16. The source size expected from a GPS
source which peaks at25 GHz is 50 pc [13], broadly consistent with the core scale radius of 138
pc derived here. ThelST source plane model scale radiug.4 = 23 mas) is larger that derived
in [9] (rs14Eisos ~ 5.5-10 mas), due to the lower magnificationof= 35 (cf. ~ 50-100 in [9]).

It appears that all previous work on IRAS 10214 has approximated tiyeifieation with the arc

to counter-image ratio. This is found to be incorrect by factors 3-4 fotittee maps investigated
here. For example, the HST814W best fit model has an arc to countee-flnagatiofi = 92, how-
ever the true magnification (image to source plane flux ratip) #35. The radio lobe presumed
to dominate the 1.6 GHz map is fit with an intrinsic scale radius58 mas £480 pc), the largest
of the three components. The magnificationuis 18. Systematics dominate the error budget in
these lensing results, particularly the choice of an singular isothermal élifisper density slope

m = -1), which contributes a 20% error based on the SLACS results.
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5. Current View

Our source plane reconstruction (Fig. 3) yields an intrinsic structursistemt with a number
of previous observations. These includd) the radio axis is roughly perpendicular to the UV
polarisation position angle (PA = 62 3° east of north). This utilises the analytical result that the
polarisation angle is unaffected by lensing [18) The distance between scattered light and the
core AR ~ 300 pc) is roughly consistent with the smooth polarisation angle variation mezasut
by HST[12]. Clouds of a finite size scatter photons from a continuum point sqegeendicular
to the angle of incidence. Therefore, if the scattering cloud source Riggd is known, along
with the maximum change in polarisation angMa), then the distance to the AGIR{sy) can be
estimated with the simple relatiahgn ~ Esg—r:f;e =420 pc assuminBsource= twice the scale radius.
This compares favourably with the independently deriRgg = 220 pc in our source plane recon-
struction. Astrometric shifts of 100 ma¥ (A /IMERLIN absolute astrometric accuracy) show
< 25% changes in source radius and the 8GHz-HST814W source plaa@aten, demonstrating
that astrometric error is not the cause of these modelled offsets.

6. Conclusions and Future Observations

We report a new lens model for IRAS 10214 with robust uncertainty estiméfe find the arc
to counter-image flux ratio is a poor estimate of the magnification and henee designificantly
lower magnification for this galaxy. We also find the HST814W, likely emanatiorg the narrow
line region is preferentially magnified by a factsr2. The source plane structure suggested here
will be immediately tested by upcomireVN andVLBA observations at 1.6 GHz and 330 MHz re-
spectively. The combination of these observations with the dual-fregiéri8l data will allow us
to make significant progress toward disentangling the co-existence obarstzand active nucleus
in a galaxy observed at the peak epoch of these two fundamental gatauyien mechanisms.
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