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To better understand the connection between AGN and their host
galaxies, we performed a detailed multi-wavelength analysis of the grav-
itationally lensed radio-loud AGN MG J0751+2716 at redshift 3.2. This
object consists of extended gravitational arcs and two compact compo-
nents, which are clearly detected in the HST F555W and F814W filters,
Keck AO K’-band and EVN observations at 1.65 GHz. By carrying out a
pixellated reconstruction of the background source, we spatially locate
the stellar population of the AGN host galaxy and the radio core and
jets. Our source reconstruction finds that the evolved stellar population
is more compact with respect to local early-type galaxies, while the blue
component extends several hundreds of parsecs and is off-set from the
radio jet.
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1 Introduction

The co-evolution between active galactic nuclei (AGN) and their host ga-
laxies, and how strong the connection is between the relativistic jets and star-
forming episodes, are still unclear. Understanding exactly how newly formed
stars and the central AGN are connected is important especially in galaxies
at z ~ 2 — 4, where the bulk of the stellar population is formed and the AGN
peak activity takes place [7]. A powerful tool to study these systems is the
analysis of their spectral energy distribution (SED), especially in the infrared
and radio wavelength regimes, to determine the relative contribution of star-
formation and AGN activity. Star-forming galaxies are rich in dust, and the
UV radiation emitted by newly formed stars and possible AGN is generally
absorbed by dust and re-emitted in the infrared part of the spectrum. This
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leads to an SED that typically has a peak at ~ 100 zm due to star-formation,
and a bump in the mid-infrared part of the SED due to the dust in the torus
that is heated directly by the central AGN [9]. Even if the SED features are
distinct, the relative importance of star-formation and AGN activity is still
uncertain. It is believed that when the AGN is in the radio mode of activity,
the star-formation may be triggered by radiative shocks as they encounter the
clumpy interstellar medium, inducing the collapse of the surrounding molec-
ular clouds [14]. However, the positive feedback from AGN alone can not
account for the extremely high star-formation rates (SFR) observed in some
high redshift galaxies. In fact, galaxy mergers and interactions are likely to be
the main cause of starburst activity whitin primordial galaxies, and they can
provide a significant amount of fuel for star-formation [4]. The scales where
AGN and star-formation act are small [3, 8] and, therefore, studying the AGN
feedback is challenging especially at high redshifts, because of the intrin-
sic limitations in sensitivity and angular resolution of current instruments.
However, if a massive galaxy lies along the line-of-sight, a background source
can be magnified and enlarged because of the gravitational lensing effect. In
this case we obtain a high angular resolution view of its smallest regions that
would otherwise be impossible to observe [15, 16]. When observations are
coupled with advanced gravitational lens modeling algorithms, it is also pos-
sible to recover the intrinsic morphology of the different components in the
system [12, 13]. Thereby, the interplay between the AGN and its host galaxy
can be inferred on 1-100 pc scales.

2 Multi-wavelength imaging of MG J0751+2716

MGJ0751+2716 was discovered as part of the MIT-Green Bank survey with
the VLA and was later observed with MERLIN at 6 cm, showing four com-
ponents separated by ~ 0.8 arcsec, some of which form large gravitational
arcs [6]. The redshifts of the lensing galaxy and the background source were
found to be z;, = 0.35 and zg = 3.2, respectively [17]. Moreover, CO molec-
ular gas emission at cm and mm wavelengths was found with the EVLA and
GBT, implying a significant gas reservoir and, therefore, possible on-going
star-formation [1, 11]. In order to clarify the AGN and star-formation condi-
tions in this high-redshift galaxy, we have analyzed higher angular resolution
observations. The available data for this object span the rest-frame UV to ra-
dio spectrum, giving an opportunity of investigating all of the components
in this system.

2.1 Optical / IR observations

The Keck 2.2 ym adaptive optics imaging for MG J0751+2716 were taken
as part of the Strong-lensing at High Angular Resolution Program (SHARP)
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Fig. 1. Left: uv-coverage of GM070 observation for MG J0751+2716 at 1.65 GHz.
Only one out of every ten visibilities are plotted. Right: Continuum image at
1.65 GHz of MG J0751+2716. The magenta circles highlight the new double
component detected by this observation. The peak flux density is 37 mJy beam~".
The restored beam is 2 x 7 mas? in p. a. —12.38°, plotted in the bottom left corner.
The first contour is the off-source noise level measured on the image plane
(18 pJy beam~1!). Contour levels increase by a factor of 2

Fig. 2. Left: RGB rendering using Keck AO K’ filter (compact and diffuse emission
almost coincident with the radio contours), HST F555W and F814W (double
component offset from the arcs) and EVN at 1.65 GHz (white contours) of the
lensed system MG JO0751+2716. Right: Reconstructed source. The white contours
are the radio source, the source reconstruction of the HST observations is the more
extended component (at the top) and the more compact component (close to the
radio contours) is the reconstructed source from Keck AO data
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program [5]. Archival optical observations with the Hubble Space Telescope
through the F555W and F814W filters were taken using WFPC2. A colour
composite image of the optical/infrared imaging is presented in Fig. 2 and
shows a compact blue component that is doubly imaged and one extended
red component.

2.2 Radio observations

MG J0751+2716 was observed with the global VLBI Array on 2012 October
21 (project GM070; PI: McKean). The observation included all of the EVN and
the VLBA antennas; Lovell, Effelsberg, Rob70 and GBT were included to in-
crease the sensitivity. The excellent uv-coverage provided by the global-VLBI
observation (Fig. 1) is fundamental for a detailed study of the structure of ex-
tended arcs. The observations were carried out at 1.65 GHz with a duration
of ~ 13 hours. The data were recorded at 512 Mbits s~! and then correlated
to produce 8 spectral windows (IFs) each with 8 MHz bandwidth, 32 chan-
nels and both circular polarizations (RR, LL). After obtaining a preliminary
model for the source, we used it for a run of fringe-fitting in order to better
determining delay and rate of the phase variations. After some phase-only
self-calibration iterations, we also ran an amplitude self-calibration iteration
using a solution interval longer than the scans length (30 min) in order to cor-
rect any residual systematic shifts in amplitude. To perform the imaging we
used Multi-Scale CLEANing, which is more efficient at modelling extended
structures [2, 10].

The final image of MG J0751+2716 at 1.65 GHz can be seen in Fig. 1. The
total flux density of this source was measured to be about 350 mJy. The radio
morphology is rather complex and in agreement with previous MERLIN imag-
ing, but at 50 times better angular resolution [6]. A new double component
is detected for the first time (Fig. 1).

The Keck AO image clearly shows a bright early-type lensing galaxy in the
centre, two bright lensed components and a fainter extended arc surrounding
the lensing galaxy. Interestingly, the optical emission does not follow the NIR
and radio emission, but two bluer compact components are detected in the
south-west and north-east parts of the ring with a separation of ~ 0.8 arcsec
(Fig. 2). The astrometric alignment between the images was performed by
using the lensing galaxy position provided by the lens model.

2.3 Herschel observations

MG J0751+2716 was observed with the Herschel SPIRE instrument at 250,
350 and 500 um. These FIR observations, supplemented with data from the
literature, were fitted with an SED consisting of modified black body for the
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Fig. 3. SED of MG J0751+2716, the data are from Herschel SPIRE, SCUBA, Mambo,
PdBI and JVLA. The legend shows the fitted temperature of the heated dust, T', the
index of the Rayleigh-Jeans slope, 3, and the spectral index of the synchrotron
emission, a

dust emission and a power law for radio synchrotron emission (Fig. 3). We
fit for both the temperature of the black body, 7, and the Rayleigh-Jeans
slope, 3. The fitted dust temperature is 38.1 + 2.3 K, with a FIR luminosity
Lioa-112.5um = (2.7£0.2) x 1013 /1 L. The inferred SFR of (5.2+£0.5) x 103/
M., yr—! is too high to be explained with the jet-induced star-formation pro-
cess alone, even after accounting for the magnification of the dust which was
estimated to be 16 [1] .

3 Lens modelling and pixellated source reconstruction

In order to perform the lens modelling of the multi-wavelength dataset for
the gravitationally lensed system MG J0751+2716 we used the fully Bayesian
lens modelling technique developed by Vegetti and Koopmans [18]. We mod-
elled the data by using an elliptical power-law mass distribution with an ex-
ternal shear, required because the main lensing galaxy is part of a small group
of galaxies. The lens modelling of the EVN dataset was performed in the vis-
ibility plane, using the approach of [12]. The important advantage of using
the visibility plane instead of the image plane consists of bypassing any pos-
sible errors introduced during the deconvolution process, that would alter
the intrinsic structure of the radio jets. The source reconstruction of MG
J0751+2716 (Fig. 2) consists of two distinct optical components, separated
by a projected distance of ~1 kpc, that differ strongly in colour. The reddest
component is found to be extremely compact, while the blue star-forming ob-
ject is more diffuse and shows multiple brightness components. We speculate
that the two optical-infrared components are likely interacting and, there-
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fore, may be the responsible for the star-formation across the system. The
radio-jets, which extend in projection over ~ 0.5 kpc, are not apparently in-
teracting with the blue star-forming component. Therefore their role in the
SFR within MG J0751+2716 is still unclear.

4 Summary

We have presented new high-angular resolution imaging of the gravita-
tionally lensed radio-loud source MG J0751+2716 at redshift 3.2. By using an
advanced gravitational lens modelling procedure, our source reconstruction
finds that the morphology of MG J0751+2716 is rather complex. This high
redshift source consists of two different optical components, both of them
compact and separated by a projected distance of ~1 kpc, and extended radio
jets, which are hosted by the reddest component of the system. However, in
order to test this hypothesis and locate where the star-formation takes place,
we are now extending our analysis to the CO(1-0) JVLA data and in the fu-
ture spatially resolved high excitation gas and heated dust observations. The
information about the dynamics of the gas could determine whether the jets
are contributing positively to the star-formation in this system.
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