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A B S T R A C T 

The SKA PAthfinder Radio Continuum Surv e ys (SPARCS) are pro viding deep-field imaging of the faint (sub-mJy) extragalactic 
radio source populations through a series of reference surv e ys. One of the key science goals for SPARCS is to characterize 
the relative contribution of radio emission associated with active galactic nucleus (AGN) from star formation (SF) in these 
faint radio source populations, using a combination of high sensitivity and high angular resolution imaging o v er a range of 
spatial scales (arcsec to mas). To isolate AGN contribution from SF, we hypothesize that there exists a brightness temperature 
cut-off point separating pure AGN from SF. We present a multiresolution (10–100 mas) view of the transition between compact 
AGN and diffuse SF through a deep wide-field EVN + e -MERLIN, multiple phase centre surv e y of the centre of the Northern 

SPARCS (SLOAN) reference field at 1.6 GHz. This is the first (and only) VLBI ( + e -MERLIN) milliarcsecond angular resolution 

observation of this field, and of the wider SPARCS reference field programme. Using these high spatial resolution (9 pc–0.3 kpc 
at z ∼ 1.25) data, 11 milliarcsec-scale sources are detected from a targeted sample of 52 known radio sources from previous 
observations with the e -MERLIN, giving a VLBI detection fraction of ∼ 21 per cent . At spatial scales of ∼ 9 pc, these sources 
show little to no jet structure whilst at ∼ 0 . 3 kpc one-sided and two-sided radio jets begin to emerge on the same sources, 
indicating a possible transition from pure AGN emissions to AGN and SF systems. 

K ey words: methods: observ ational – techniques: high angular resolution – techniques: interferometric – galaxies: active –
galaxies: high-redshift – quasars: supermassive black holes. 
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 I N T RO D U C T I O N  

he SKA PAthfinder Radio Continuum Surv e ys (SPARCS) 1 are
roviding deep-field imaging with multiple SKA pathfinders. These
urv e ys dra w upon the unique and complementary qualities of various
KA pathfinder/precursor facilities operating at various resolutions
nd frequencies, while testing various technical aspects between
ifferent instruments (Norris et al. 2013 ; Norris 2017 ; Simpson
017 ). Using next-generation and upgraded radio telescopes such as
he LOFAR, ASKAP, MeerKAT, APERTIF, EVLA, and e -MERLIN,
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Published by Oxford University Press on behalf of Royal Astronomical Socie
Commons Attribution License ( http://cr eativecommons.or g/licenses/by/4.0/), whi
he SPARCS programme is undertaking a series of deep wide-
eld reference radio continuum surv e ys to study the formation
nd evolution of galaxies, cosmological parameters, and the large-
cale structures driving them. To utilize these observations, different
eams across the globe are developing different techniques such as

ultiscale deconvolution, source extraction, identification and clas-
ification, and multiwavelength cross-identification (e.g. Kondapally
t al. 2021 ; Slijepcevic et al. 2022 ). These observations, making use
f current radio facilities have confirmed that the extragalactic SKA-
ky will be dominated by a mixture of intense star-forming galaxies
SFGs), radio-quiet and radio-loud active galactic nucleus (AGN; e.g.

orabito et al. 2017 ; An et al. 2021 ; Macfarlane et al. 2021 ; Whittam
t al. 2022 ). These sources are typically situated between redshifts of
.5 and 4 with sub-mJy flux densities and in many cases, are luminous
© 2020 The Author(s). 
ty. This is an Open Access article distributed under the terms of the Creative 
ch permits unrestricted reuse, distribution, and reproduction in any medium, 
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erging galaxies often hosting co-evolving star formation (SF) and 
ccretion acti vity (e.g. Muxlo w et al. 2020 ). Characterizing this radio
opulation with existing observations is vital to guide development 
f key SKA science programmes, a key scientific objective of the 
PARCS programme. 
At lower flux densities S 1 . 4 GHz ≤ 100 μJy, SFGs tend to dominate 

 v er faint AGNs. Consequently, there is a requirement to disentangle
nd distinguish between emissions from AGN accretion and SF 

e.g. P ado vani 2016 ; Vernstrom et al. 2016 ; van der Vlugt et al.
021 ). Whilst multiwavelength astronomical approaches such as 
IRRC (e.g. Thomson et al. 2014 ), IRAC colours (e.g. Rawlings
t al. 2015 ), and optical emission line diagnostics (e.g. Law et al.
021 ) are making great strides in attempting to characterize these 
rocesses, they are not available for every source (e.g. Algera et al.
020 ). Furthermore, many of the current radio surveys, including 
he present SKA pathfinder surv e ys, are still limited by their angular
esolution and are unable to morphologically distinguish all AGN 

rom SFGs. Therefore, a robust method of distinguishing between 
ccretion and SF is essential, independent of the biases associated 
ith multiwavelength classification (e.g. Radcliffe et al. 2021 ). 
High spatial resolution wide-field radio observations provide a 

ey diagnostic for distinguishing between accretion and SF and 
mportantly, spatially resolve and quantify their contributions within 
ndividual galaxies (e.g. Morabito et al. 2022 ). The Very Long Base-
ine Interferometry (VLBI) distinctly provides high spatial resolution 
cales, and offers a combination of high point source sensitivity 
PSS) and low surface brightness sensitivity which restricts the 
election effect to small compact emissions. For example, at z = 

, 1 arcsec corresponds to ∼ 8 kpc, while 10 mas provided by
LBI corresponds to ∼ 8 pc. This unique VLBI characteristic is 

ritical in identifying high brightness temperature ( T B > 10 5 K) 
missions from compact radio cores and thus constraining emissions 
rom AGNs in these extragalactic radio source populations (e.g. 

iddelberg et al. 2013 ; Herrera-Ruiz et al. 2017 , 2018 ; Radcliffe
t al. 2018 , 2021 ). 

 VLBI  DETECTION  R AT E  VERSUS  

ESOLUTION  

e consider VLBI a clear cut indicator for the presence of accretion
ctivity (Condon et al. 1991 ; Middelberg & Bach 2008 ), with current
LBI studies of the high redshift ( z ∼ 2) radio source population
aving made tremendous strides in isolating AGN contribution from 

F at ∼ parsec scales (e.g. Chi, Barthel & Garrett 2013 ; Herrera-
uiz et al. 2017 , 2018 ; Radcliffe et al. 2018 , 2021 ). Ho we ver, a
ap remains whereby we know little of the radio morphology of
hese objects at sub-kpc scales and thus the transition point between 
ccretion emission processes associated with compact cores and 
iffuse/extended emission processes associated with SF remains 
nclear (e.g. Rees et al. 2016 ; Hardcastle & Croston 2020 ). To
haracterize the true nature of these sources and to isolate AGN 

ontribution from SF, we require intermediate resolution imaging 
t sub-kpc scales. Since no non-AGN process (except for the very 
are radio supernovae) can exceed T B > 10 5 K, we hypothesize that
here exists a brightness temperature cut-off point separating pure 
GN from SF. To test this hypothesis, we need to achieve and test
arious angular resolutions between 10 and 200 mas corresponding 
o various intermediate spatial (sub-kpc) scales at which a radio 
nteferometric instrument ( + VLBI) becomes sensitive to compact 
adio emission purely attributed to AGN activity in the host galaxy. 
his requires optimizing angular resolutions of these VLBI surv e ys
t intermediate spatial scales, with sufficient sensitivity to capture all 
GN contribution and to resolve out all diffuse emissions. This is
mportant if we are to (i) trace the pure spatial extent of SF through
osmic time, and (ii) understand the radio emission mechanisms 
elated to accretion processes in the central core engines which drive
he feedback mechanisms in the host galaxy. We also note while a
etection at a sufficiently high resolution certainly implies an AGN, 
he converse is not al w ays true: even a radio-loud AGN does not
ecessarily yield a VLBI detection, and this is not a function of
ource strength or sensitivity (Rees et al. 2016 ). 

Combining e -MERLIN + VLBI provides a unique prospect of 
maging at these intermediate spatial scales. Particularly, combining 
he EVN + eMERLIN will allow characterization of the μJy radio 
egime from milliarcsecond scales to 0 . ′′ 2 ( ∼ 10 –200 mas ). The e -

ERLIN antennas increase the uv -co v erage at shorter baselines,
hus characterizing the source/jet structure at sub-kpc scales while the 
VN longer baselines reco v er the compact cores at parsec scales. On

he other hand, the VLA provides the largest spatial ( > kpc) scales at
 − 2 GHz required for total flux density measurements. Therefore, 
 combination of these observations with VLBI will provide kpc–
arsec imaging spatial scales, essential in probing the most compact 
adio sources and their accompanying radio jets/structures. This 
nhanced imaging fidelity will enable the detection of low luminosity 
adio sources and provide an insight into their morphology. The 
erived radio spectrum will be useful, for example, in determining 
hether they are associated with broad absorption lines or thermal 

adiation for a better understanding of the nature of these radio-quiet
bjects (e.g. Blundell & Kuncic 2007 ). 
Consequently, we present a wide-field VLBI surv e y of the

PARCS-North field, by combining (for the first time) the 
VN + eMERLIN spatial scales ranging from ∼10 to 100 mas.
his is one of the first multiresolution studies of the faint radio
ource population at 10–100 mas. Using the multiresolution data and 
he intermediate spatial scales obtained in this work, we study the
ransition from compact radio emissions purely associated with AGN 

o diffuse radio emissions associated with either AGN with jets, SF,
r both jets and SF. We detected 11 VLBI sources at 1 σ sensitivity
f ∼ 6 μJy beam 

−1 with ∼ 14 h on target. This paper is outlined as
ollows: we describe the surv e y design and data reduction strategies
n Section 3 , including the primary beam corrections for the EVN + e -

ERLIN array in Section 3.5 , and the additional complementary data 
rom the deep wide-field e -MERLIN and VLASS radio surv e ys.
n Section 4 , we present analysis of radio properties at 10–100
as multiresolution co v erage, which corresponds to 9 pc–0.28 kpc

assuming z ∼ 1.25) spatial scales. We give a summary of this work
nd outline the plans for a future further wide-field VLBI surv e y to
ncrease the source sample and sensitivity in Section 6 . Throughout
his paper, we adopt the � CDM cosmology parameters with H 0 =
7.4 kms −1 Mpc −1 and �m 

= 0.315 (Planck Collaboration VI 2020 )
nd the spectral index measurements given by the convection S ν ∝ να ,
here S ν is the radio integrated flux density and α is the intrinsic

ource spectral index. 

 OBSERVATI ONS  A N D  DATA  R E D U C T I O N  

.1 e -MERLIN SPARCS-North 

e obtained the SPARCS-North data from the e -MERLIN SPARCS 

urv e y carried out on 2018 January 29 at 1 . 5 GHz for a total of 24 h
P.I. Wrigley). This observations employed a single-pointing strategy 
entred on RA 15 h 33 m 27 s , Dec. 29 ◦12 

′ 
40 

′′ 
co v ering an area of ∼15

rcmin × 15 arcmin with a restoring beam size of 188 mas × 170 mas.
n-source integration time of ∼ 14 h yielded an image with a central
MNRAS 519, 1732–1744 (2023) 
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Figure 1. The SPARCS field as seen by the VLASS and e -MERLIN surv e ys. The central plot comprises of the VLASS surv e y view of this field. Overlaid are 
the observed phase centres for this surv e y in the context of the Effelsberg (assuming an ef fecti ve diameter of 78 m) and the 25 m primary beams of the EVN 

array. The extent of each phase centre corresponds to 10 per cent half-power beam width (HPBW) smearing, that is, assuming averaging to 2 s integrations 
and 32 kHz channel width after the initial internal wide-field correlation and a maximum baseline of 10 000 km. Surrounding the VLASS image are postage 
stamp cut-outs of selected sources from the e -MERLIN pilot surv e y (rms ∼ 10 μJy beam 

−1 ), revealing the exquisite detail provided by the 0 . ′′ 2 high-resolution 
imaging. 
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ms sensitivity of ∼ 10 μJy beam 

−1 . The 52 phase centres used in our
VN + e -MERLIN surv e y were pre-selected from sources identified

n this e -MERLIN surv e y abo v e ∼6 σ , corresponding to sources with
ux densities > 60 μJy (Wrigley et al., in preparation). 

.2 EVN + e -MERLIN obser v ations 

he SPARCS-North continuum surv e y with the combined EVN + e -
ERLIN array was carried out on 2019 No v ember 3 for a total of

9 h with a total on-source integration time of ∼ 14 h. Participating
VN antennas are shown in table 1 of Radcliffe et al. ( 2018 ). The
ata were correlated at the Joint Institute for VLBI ERIC (JIVE) in
wingeloo, the Netherlands. The observation setup frequency was
594 – 1722 MHz centred at ∼1658 MHz, with a total bandwidth
f 128 MHz across eight spectral windows and recorded at an
ggregate bit rate of 1024 Mbps with an integration time of 2 s .
e employed a single pointing observing strategy centred on RA

5 h 33 m 27 s , Dec. 29 ◦12 
′ 
40 

′′ 
using the multiple phase centre mode of

he SFXC correlator (Keimpema et al. 2015 ). The multiple phase
entre strategy was based on the 52 phase centres pre-selected from
he e -MERLIN SPARCS surv e y with the furthest phase centre at

11 . ′ 6 from the pointing centre. We aimed to observe all sources
etected by e -MERLIN ( ≥60 μJy, 6 σ ), located all o v er the primary
eam of the 25-m antennas (see Fig. 1 ) in the e -MERLIN array.
wo sources, J1532 + 2919 and J1539 + 2744, were used for phase
eferencing. The source J1539 + 2744 (located ∼2 ◦ from the target
eld) was used as the primary phase (and delay) calibrator and was
isited once every 30 min. This was further refined by visiting the
econdary phase calibrator, J1532 + 2919 (located 0.27 ◦ from the
arget field) approximately every 7 min. The flux density for the
rimary calibrator is 198.0 and 42 mJy for the secondary calibrator at
NRAS 519, 1732–1744 (2023) 
 band (from the Radio Fundamental Catalog, RFC, rfc2019d 2 ). The
ources 4C39.25 (observed for 6 mins) and J1642 + 3948 (observed
or 6 min and revisited every 4 h) were used as fringe finders. 

.3 VLASS SPARCS-North 

e obtained the SPARCS-North images from the NRAO VLA Sky
urv e y (VLASS) archiv es. The VLASS is an all-sk y Karl Jansk y
LA 2–4 GHz surv e y co v ering the entire sk y visible to the VLA
pto a declination of > −40 ◦ at an angular resolution of ∼2 . ′′ 5 and
n expected sensitivity rms of 70 μJybeam 

−1 , across 3 epochs ( ∼
500 h) o v er a cadence of 32 months from 2017 to 2024 September
Lacy et al. 2020 ). The VLASS covers a total of 33 885 deg 2 . We
sed the primary beam corrected image from the first epoch with a
ensitivity rms of ∼ 120 μJy beam 

−1 . 

.4 Data processing 

he data were processed using the CASA based VLBI Pipeline. 3 

efore calibration, the raw data were pre-processed by appending
he system temperature ( T sys ) measured for each antenna to the FITS-
DI files. The effects of gravity on the shape of the antenna dishes as
he y mo v e while tracking sources must also be accounted for. These
istortions affect the gain of an antenna and are calculated based on
he pointing direction of the antenna and the empirically observed
roperties. Additionally, the observatory flags were translated into
ASA flags and finally the VLBI FITS-IDI ( AIPS format) files

art/stac3569_f1.eps
http://astrogeo.org/vlbi/solutions//rfc_2019d
https://github.com/jradcliffe5/VLBI_pipeline
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ere converted into a measurement set, (MS, CASA format). The 
bservatory flags were then applied to the MS and the correlated 
isibility amplitudes were scaled to a physically meaningful value 
sing the system temperature measurements ( T sys ). We also carried 
ut the total electronic content (TEC) correction for the ionosphere- 
nduced dispersive delays. Automated flagging of RFI was conducted 
sing the AOFLAGGER software (Offringa, de Bruyn & Zaroubi 2012 )
nd any remaining bad data were flagged off manually. 

The instrumental delays, which show up as jumps in phase between 
he spectral windows (spws) due to signal delays at each antenna, 
ere remo v ed by solving for the phase and delays on a 1 min

ntegration of the two fringe finders 4C39.25, J1641 + 3948 and 
he primary calibrator J1539 + 2744. The fringe-rates, that is, the 
eri v ati ve of the phase error o v er time, were set to zero to a v oid
xtrapolating their effects across the entire experiment. The spws 
ere then merged to increase the signal to noise (S/N) and further

ringe fitting carried on the primary phase calibrator and the two 
ringe finders to remo v e group delays. The solution interval was
et to 60 s such that it gave enough S/N to get good solutions, but
hort enough in order to track the changes in the delays, rates, and
hases. After the time-dependent delays were corrected for, the phase 
nd rates were then calibrated and applied to the data. Bandpass
alibration was then applied using the task BANDPASS where the two 
ringe finders and the primary phase calibrator were used. 

To correct for the phase errors due to the atmosphere, we 
sed a bootstrapping approach using the primary phase calibrator, 
1539 + 2744 (198 mJy), located at 2 ◦ from the target field. This was
hen refined using the fainter (40 mJy) secondary phase calibrator 
1532 + 2919, located closer to the target field at 0.27 ◦. The primary
hase calibrator underwent two rounds of phase only calibration 
t a solution interval of 60 s and 3 rounds of amplitude and phase
alibration. These solutions were then applied to the secondary phase 
alibrator. The secondary phase calibrator then underwent five rounds 
f phase only calibration at a solution interval of 60 s. The criterion
or phase calibration selection is that the source should be located 
ear the target and therefore the solutions derived over time for the
hase calibrator are approximately correct for the target source, since 
he signal path through the atmosphere is similar for both sources.
hese solutions were then applied to a single phase centre to ensure

hat the corrections had been applied properly. The flagging tables 
nd the calibration solutions derived for this single subfield were 
hen applied to all the remaining 51 phase centres. 

.5 Primary beam corrections 

eterogenous arrays such as the EVN and e -MERLIN have different 
eceptors and different dish diameters which result in each station 
aving a different primary beam response. This manifests as a 
irection-dependent amplitude error due to differing attenuations of 
he antenna responses (e.g. Cotton & Mauch 2021 ; Radcliffe et al., in
reparation). We derived corrections for the primary beam response 
f each antenna in the EVN + e -MERLIN array for each of the 52
hase centres based on the primary beam correction equation: 

 ( θ ) = P (0) exp 

[
−4ln(2)D 

2 
eff 

λ2 
θ2 

]
, (1) 

here P ( θ ) is the corrected primary beam response, P (0) is the
ormalized primary beam response = 1, D eff is the ef fecti ve dish
iameter of the antenna, θ is the positional offset of the source from
he pointing centre, and λ is the wavelength of the observation (see 
able 1 of Radcliffe et al. 2018 for the D eff values adopted). 
.6 Imaging and source extraction 

e used WSCLEAN to create 10 arcsec × 10 arcsec images for each
f the 52 phase centres. Natural-weighted images were created and 
ve different outer uv-tapers applied. The weights at the highest uv -
istance were suppressed by a half-Gaussian kernel whose half-width 
t half-maximum (HWHM) was 1 M λ, 2 M λ, 3.5 M λ, 5 M λ, and 10
 λ. with the corresponding resolution at full width at half-maximum

FWHM) ranging from ∼ 11 − 40 mas as shown in Fig. 2 . Taking
he weighting function along the uv -plane as W ( u , v) and sampling
y a Gaussian: 

 ( u, v) = exp 

{ 

−
(
u 

2 + v 2 
)

t 2 

} 

(2) 

here t 2 is the tapering parameter (M λ in this case). Tapering applies
moothing in the image plane by downweighting the long baselines 
hile degrading the angular resolution. This in turn decreases the PSS 

hile increasing the surface brightness sensitivity to extended radio 
missions. We applied uv -tapering to downweight the contribution 
rom the long baselines and to increase the surface brightness 
ensitivity on the shorter baselines, particularly along baselines 
ith the Effelsberg and Lo v ell antennas. We note that the largest

ntennas requested only contribute to the inner regions of the 
mage, enabling even deeper imaging at a central rms sensitivity 

6 μJy beam 

−1 . The non-tapered image gave the highest PSS of 
3 . 0 μJy beam 

−1 , while tapering lowered the PSS. On the other hand,
apering increased the surface brightness sensitivity from 1200 μJy 
n the non-tapered image to 1660 μJy in the 10M λ image. The
estoring beam sizes, PSS, and the surface brightness across the 
ve tapers are shown in Table 1 . The 5 M λ uv -taper produced the
ptimum PSS and surface brightness sensitivity, beyond which, our 
bservations became too sensitive to diffuse emissions and the point 
ources remained unresolved as demonstrated in Fig. 2 . Therefore, 
e created two sets of images for each phase centre, a naturally
eighted image with no taper applied referred to as the notaper

mage and the naturally weighted image with a 5M λ taper applied
eferred to as the tapered image throughout this paper. 

F or source e xtraction, we used the PYBDSF package (Mohan &
afferty 2015 ) to determine the peak brightness and flux densities of
ur VLBI detections. PYBDSF computes basic statistics such as the 
mage parameters, creates background rms and mean images, identi- 
es islands of contiguous source emission whose peak brightness are 
bo v e a given S/N threshold. The islands are then fitted with multiple
aussian components in order to minimize the residuals with respect 

o the background rms, where the Gaussians within a given island are
hen grouped into discrete sources. We searched for everything above 
 σ and filtered the catalogue to our detection thresholds. To eliminate
ny possibility of having random noise peak brightness exceeding 
his threshold, we applied the criteria used by Middelberg et al. ( 2013 )
o determine true source detections. Briefly, we estimated the number 
f independent resolution elements, N , based on equation (3) in Hales
t al. ( 2012 ) combined with equation (6) in Middelberg et al. ( 2013 )
hich estimates the number of beams exceeding 5 σ if the image
oise is Gaussian: 

 + 5 = N ×
[ 
1 − erf 

(
5 
√ 

2 
)] 

/ 2 , (3) 

We estimated about ∼600 000 synthesized-beam areas in each 
0 . ′′ 0 by 10 . ′′ 0 image centred on a single-phase centre. The pixel
istribution of each image is a Gaussian distribution (Fig. 3 ) and the
robability of misidentifying random noise peak brightnesss as real 
etection was high. Assuming that the number of > 5 σ peaks were
f order of 10 within the e -MERLIN beam area and 5.5 σ peaks were
MNRAS 519, 1732–1744 (2023) 
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M

Figure 2. We applied five uv -tapers to the natural-weighted image at 1M λ, 2M λ, 3.5M λ, 5M λ, and 10M λ which corresponded to an increase in the PSF from 

∼ 13 − 40 mas for the source J153254 + 290940. The PSS decreased across the imaging at, 23.0 μJy beam 

−1 for the natural-weighted only (NOTAPER) image, 
27.9 μJy beam 

−1 across the 1M λ image, 28.4 μJy beam 

−1 across the 2M λ image, 29.2 μJy beam 

−1 across the 3.5M λ image, 30.0 μJy beam 

−1 across the 5M λ

image and 32.4 μJy beam 

−1 across the 10M λ image. The 5M λ image corresponded to the optimum detection point for PSS and surface brightness sensitivity 
and produced the highest peak brightness flux of 387 μJy beam 

−1 across the five uv -tapers. Using this optimum taper value of 5 M λ, we produced a set of two 
images for each of the 52 phase centres, natural-weighted only (notaper image) and natural-weighted with uv -tapers applied at 5 M λ (tapered image). 

Table 1. Radio properties of the source J153254 + 290940 at different tapers. 

Taper PSF Point source Surface brightness 
(mas) Sensitivity ( μJy beam 

−1 ) Sensitivity (mJy) 

Notaper 16.6 × 13.3 23.0 1.20 
1M λ 23.9 × 19.1 27.9 1.40 
1M λ 25.3 × 20.0 28.4 1.47 
2M λ 27.2 × 21.2 29.2 1.52 
3.5M λ 29.2 × 22.5 30.0 1.60 
10M λ 37.3 × 28.3 32.4 1.66 

o  

b  

e  

s

 

r

B

 

w

B

 

a  

w  

w

4

4

T  

d  

∼  

c  

i  

∼  

t  

i  

M  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/519/2/1732/6886558 by R
ed de Bibliotecas del C

SIC
 user on 25 January 2024
f order of 100 outside the e -MERLIN beam area, we applied the

inomial probability distribution function (Middelberg et al. 2013 ,
quation 7) to calculate the true detection rates based on our two
earch-area criteria: 

(i) i) > 5.0 σ for detections within the e -MERLIN beam area of
adius ∼ 200 mas , ∼ 0 . 25 per cent of the total area: 

( k = 1 | p = 0 . 0025; n = 10) = 

(
n 

k 

)
p 

k (1 − p) n −k = 0 . 02 . (4) 
NRAS 519, 1732–1744 (2023) 
(i) ii) > 5.5 σ for detections outside the e -MERLIN beam area
ithin 10 arcsec × 10 arcsec: 

( k = 1 | p = 0 . 01; n = 100) = 

(
n 

k 

)
p 

k (1 − p) n −k = 0 . 0003 . (5) 

The number of > 5 σ noise peaks is smaller < 1 across both criteria
nd further visual inspection ensured our > 5 σ peaks were coincident
ith an e -MERLIN source. Any > 5.5 σ peak detection not coincident
ith an e -MERLIN source was unlikely. 

 RESUL  TS,  A NA L  YSIS ,  A N D  DI SCUSSI ON  

.1 No taper imaging 

he pixel distribution as a function of sensitivity showed a Gaussian
istribution (see Fig. 3 ) with the highest sensitivity recorded at

6 μJy beam 

−1 . This sensitivity decreased away from the pointing
entre for the 52 phase centres as shown in Fig. 4 . The notaper
mage provided the deepest imaging with a resolution at FWHM of

17 × 11 mas and a central rms noise of ∼ 6 μJy beam 

−1 . Applying
he binomial distribution function equations ( 4 ) and ( 5 ) as described
n Section 3.6 , 10 > 5 σ VLBI peaks were detected within the e -

ERLIN beam area of 0 . ′′ 2 by 0 . ′′ 2 and 20 > 5.5 σ VLBI detections

art/stac3569_f2.eps
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Figure 3. Pixel distribution as a function of sensitivity showing a Gaussian 
distribution with σ = 6 μJy beam 

−1 for the notaper image. 

Figure 4. The sensitivity map of the EVN + e -MERLIN SPARCS-North 
surv e y with a central rms sensitivity of σ ∼ 6 μJy beam 

−1 . We computed the 
rms values of the 52 phase centres from the notaper images. The pointing 
centre is highlighted by the red cross. 
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ere recorded in the larger 10 . ′′ 0 by 10 . ′′ 0 area outside of the e -
ERLIN beam area. We further carried out a visual inspection of

hese 30 VLBI detections using the e -MERLIN image. We confirmed 
ll the 10/10 detections within the e -MERLIN beam area as true
LBI detections and 1/20 VLBI detection outside the e -MERLIN 

eam area with a high S/N > 350 σ located at 5 . ′′ 2 from the phase
entre. In total, we identified 11 VLBI candidates out of the 52
 -MERLIN sources. Fig. 5 shows the postage cutouts for these 
ources at different angular resolutions and sensitivity across the 
LASS, e -MERLIN, EVN + e -MERLIN(notapers), and EVN + e -
ERLIN(tapered). 

.2 5M λ tapered imaging 

he tapered image optimized both resolution and sensitivity, with a 
SF of ∼ 33 × 21 mas and a central rms noise of ∼ 7 μJy beam 

−1 .
pplying the binomial distribution function equations ( 4 ) and ( 5 ) as
escribed in Section 3.6 , we detected a total of 21 potential VLBI
etections, with 7/21 VLBI detections at > 5 σ constrained within 
he e -MERLIN area, and 14/21 5.5 σ VLBI detections recorded in 
he larger 10 . ′′ 0 by 10 . ′′ 0 image area outside the of e -MERLIN beam
rea. Applying visual inspection of our VLBI detections on the e -
ERLIN image, we confirmed all the 7/7 > 5 σ VLBI detections 
ithin the e -MERLIN beam area as true detections and 1/14 VLBI
etection outside the e -MERLIN beam area with a high S/N > 300 σ
ocated at 5 . ′′ 2 from the phase centre. In total, we identified eight
LBI candidates out of the 52 e -MERLIN sources. These eight
LBI sources are also detected in the notaper image (see Table 2 ). 

.3 Astrometry 

0/11 sources were detected within a radius of ∼0 . ′′ 2 of an e -MERLIN
ource in both the notaper and tapered images. The remaining 
ource, J153300 + 291414, was detected 5 . ′′ 2 from the e -MERLIN
ounterpart. The VLBI detections show a median astrometric offset 
f 23 . 4 mas in 
 RA and −18 . 7 mas in 
 Dec between this
VN + eMERLIN surv e y and the e -MERLIN surv e y, shown in
ig. 6 . 

.4 Tapered image non-detections 

/11 VLBI detections in the notaper image remained undetected in 
he tapered image, with 2/3 sources also remaining undetected in 
LASS. 
We define the flux density ratios, R between the VLBI and e -
ERLIN as: R notaper = S i, notaper / S i, e-MERLIN for the notaper, and
 tapered = S i, taper / S i, e-MERLIN for the tapered image. The R values

or the 11 sources are presented in Table 2 . 

.4.1 J153419 + 291359 

he source is detected in the notaper image at a 5.5 σ but remains
ndetected in the tapered image due to the increased noise levels. The
ms in the tapered image is higher at 73 μJy beam 

−1 compared to the
otaper rms at 53 μJy beam 

−1 . The source has an integrated flux den-
ity of 273 ± 13 μJy and a peak brightness of 264 ± 7 . 4 μJybeam 

−1 

n VLBI and 594 . 8 ± 5 . 7 μJy and 550 . 1 ± 3 . 1 μJy beam 

−1 in e -
ERLIN with R notaper = 0.46. The source remains undetected in 
LASS, with the e -MERLIN peak brightness ∼5 × the VLASS 

ms. If we assume a central frequency of 1600 MHz for the VLBI
nd the e -MERLIN observations and 3 GHz for VLASS we can
alculate the ratio depending on the spectral index of the source.
ypical extragalactic sources have spectral indices of about −0.77 
e.g. Kellermann 1963 ), which means that for any source, the VLASS
eak should be about 50 per cent of the VLBI peak. 

.4.2 J153406 + 292056 

he source is detected in the notaper image only at 5.2 σ . The
LBI integrated flux and peak brightness are 197 ± 52 μJy and 
07 ± 29 μJy beam 

−1 while the e -MERLIN integrated flux and 
eak brightness are 211 ± 23 μJy and 301 ± 16 μJy beam 

−1 with 
 notaper = 0.9. The non-detection in the tapered image can be at-

ributed to the fact that this is a very faint source and the noise levels in
he tapered image ( ∼ 77 . 5 μJy beam 

−1 ) are higher than in the notaper
mage ( ∼ 57 μJy beam 

−1 ). The source also remains undetected in 
he VLASS image, with the e -MERLIN peak brightness 2 times the
LASS noise level. This non-detection in VLASS could be attributed 

o AGN variability (see Section 4.7 ). 

.4.3 J153354 + 291431 

he source shows binary VLBI compact cores in the notaper 
mage and a single core in the tapered image (see Fig. 8 ). In the
otaper image, the brighter core is detected at S/N ∼18.4, while the
econd fainter core is detected at ∼5.5 σ . In the tapered image, the
righter core is detected at ∼14.7 σ , while the second fainter core
MNRAS 519, 1732–1744 (2023) 

art/stac3569_f3.eps
art/stac3569_f4.eps


1738 A. Njeri et al. 

MNRAS 519, 1732–1744 (2023) 

Figure 5. Thumbnails of the SPARCS-North VLBI source sample showing co v erage at different angular resolutions and sensitivity across the VLASS (column 
1), e -MERLIN (column 2), EVN + e -MERLIN without tapers (notaper; column 3), and EVN + e -MERLIN with tapers (tapered; column 4). The notaper 
column shows the EVN + eMERLIN natural-weighted image with FWHM ∼ 17 × 11 mas, while the tapered column gives the natural-weighted maps tapered 
at 5M λ with FWHM ∼ 33 × 21 mas. The notaper and tapered cutouts are 40 pixel by 40 pixel on a side. The notaper image offers the highest PSS, sufficient 
to reveal compact cores within the host galaxies as shown in column 3, while tapering increases the surface brightness sensitivity which reveals the appearance 
of sub-kpc jet structures around the compact cores, possibly associated with either AGN jets or AGN embedded in star-forming regions as shown in column 4. 
The red cross indicates the VLBI position in VLASS and e -MERLIN. The flux density for the sources across e -MERLIN, EVN + e -MERLIN (notaper), and 
EVN + e -MERLIN (tapered) can be deduced from the colour bars. The restoring beam size is 2 . ′′ 7 × 2 . ′′ 2 for VLASS and ∼0 . ′′ 2 × 0 . ′′ 2 for e -MERLIN. Three 
sources J153419 + 291359, J153406 + 292157, and J153342 + 291625 remain undetected in the VLASS surv e y. 
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Figure 5. continued . 
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emains undetected. The brightest VLBI core has a flux density of
68.0 ± 17.0 μJy and peak brightness of 282.0 ± 10.0 μJy beam 

−1 

n the notaper image with R notaper = 0.45, and a flux density of
54.8 ± 6.6 μJy and peak brightness of 278.0 ± 4.0 μJy beam 

−1 

n the tapered image with R tapered = 0.42. The fainter VLBI core
as R notaper = 0.46 with a flux density of 74 ± 13 and 75.6 ± 7.4
Jy beam 

−1 in the notaper image. See Section 5 for further analysis 
nd discussion. 

.4.4 J153342 + 291625 

he source has a detection in both the notaper and the tapered images
ut remains undetected in VLASS. It was detected at S/N 11.1 σ in
he notaper image and 9.2 σ in the tapered image. The notaper VLBI
ntegrated flux density is 117 ± 11 μJy and a peak brightness of 
27 . 1 ± 6 . 9 μJy beam 

−1 with R notaper = 0.33. The integrated flux
nd the peak brightness flux across the tapered image are 126 ± 18
Jy and 122 . 4 μJy beam 

−1 , respectively, with R tapered = 0.33. The e -
ERLIN has a flux density of 352.5 ± 6.4 μJy and a peak brightness

ux of 320.4 ± 2.5 μJy beam 

−1 with the e -MERLIN peak brightness 
3 × the VLASS rms. 

.5 Multiresolution flux density comparison 

xcluding the two sources, J153257 + 290943 and J153300 + 291414,
ur VLBI sources have integrated flux and peak brightness ranging 
rom 75 to 665 μJy and 75 to 492 μJy beam 

−1 in the notaper imaging,
nd 116–465 μJy and 122–629 μJy beam 

−1 across the tapered 
maging. The median R notaper = 0.51 and R tapered = 0.55 implying that
e reco v ered ∼ 55 per cent of the e -MERLIN flux density across the

apered imaging and ∼ 51 per cent across the notaper imaging. The 
ource J153257 + 290943 has a flux density and peak brightness of
MNRAS 519, 1732–1744 (2023) 
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Figure 6. The VLBI astrometric offsets, 
 RA and 
 Dec, between the 
EVN + eMERLIN and the e -MERLIN SPARCS-north surv e ys. The solid 
black lines indicate 
 RA = 0 and 
 Dec = 0 mas while the broken lines 
indicate the median astrometric offsets 23 . 4 mas in 
 RA and −18 . 7 mas in 

 Dec. The cross represents the typical error on each source. The VLBI S/N 

of the sources can be deduced from the colour bar. 

Figure 7. Peak brightness distribution for the 52 e -MERLIN sources used as 
the phase centres in this surv e y. The re gion shaded in grey highlights the peak 
flux distribution for the 41/52 e -MERLIN sources that remain undetected 
(VLBI-nondet) in this surv e y, while the region highlighted in black shows 
the peak flux distribution for the 11/52 e -MERLIN sources detected (VLBI- 
det). The vertical lines give the median peak brightness flux, the dotted line 
is 83.25 μJy beam 

−1 for the non-detections and 506.25 μJy beam 

−1 for the 
VLBI detections. 
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328 μJy and 1260 μJy beam 

−1 in the notaper image and 1242 
Jy and 1280 μJy beam 

−1 in the tapered image, while the source 
153300 + 291414 shows some strong artefacts and thus the flux 
ensity could not be deduced. Only 3/11 sources are resolved in 
he notaper image, whereas all sources remained unresolved in the 
apered image. This implies that resolutions at FWHM ∼ 30 mas , the 
urv e y becomes more sensitive to diffuse emissions than compact 
missions. 

The three VLBI sources, J153419 + 291359, J153406 + 292056, 
nd J153354 + 291431, non-detected in the tapered image have a 
/N ∼5 σ across the notaper imaging. The tapered rms is higher 

han the notaper rms for all three sources. This implies that the
igher PSS achieved in the notaper imaging increases sensitivity 
owards very faint compact regions, which are otherwise missed out 
t intermediate spatial scales. Assuming z ∼ 1.25, the 11 − 33 mas
eco v ered in this surv e y correspond to spatial scales of ∼ 9 − 280 pc .
urthermore, most of our VLBI sources are point-like and show no jet
tructure in the notaper image, while all sources show emergence of
ither one-sided or two-sided jet structures at ∼sub-kpc sizes across 
he tapered image (see Fig. 5 ). This could indicate that at spatial
cales of ∼ 0 . 28 kpc, our surv e y becomes more sensitive to diffuse
mission, associated with either AGN with jets, SF or both, while
nything below < 0 . 28 kpc can be classified as pure AGN. This
ut-off spatial scales could potentially pinpoint the transition point 
rom sources dominated by compact emissions purely associated 
ith AGN, to regions dominated by extended diffuse emissions, and 

hus isolating AGN contribution from SF calculations. 

.6 Compact sources versus extended radio sources 

n this VLBI surv e y, we detected all the 11 compact e -MERLIN
ources, while the remaining 41/52 non-detected sources showed 
iffuse and extended radio structures in e -MERLIN. This represents 
 100 per cent VLBI detection rate for the compact e -MERLIN
ources. The 41/52 VLBI non-detections hav e inte grated flux densi-
ies across the e -MERLIN image of ∼ 60–2550 μJy with a median
f 143 . 75 μJy , while the 11/52 VLBI detections have 159.10–
500 μJy with a median of 597 . 10 μJy , respectively. The VLBI non-
etections have peak brightness of 6 . 70 − 1039 μJy beam 

−1 with a
edian of 83 . 25 μJy beam 

−1 , while the 11/52 VLBI detections have
eak brightness of 113.40 – 2171 μJy beam 

−1 with a median of 
06 . 25 μJy beam 

−1 . Fig. 7 shows the peak brightness ( μJy beam 

−1 )
istribution for the VLBI detected and non-detected sources in 
he e -MERLIN. We expect an e -MERLIN source to have a peak
rightness ∼5 × the local rms ( > 300 μJy beam 

−1 ) for a detection
n VLBI, ∼ 82 per cent of the VLBI detections show peak brightness 
istribution > 300 μJy beam 

−1 . Comparing both the flux density and 
eak brightness for the VLBI non-detections and VLBI detections 
nd as expected, the VLBI is biased towards very compact cores of
he fainter sources with higher peak brightness while the low surface
rightness sources remain undetected. 
Overall, this represents a VLBI detection rate of ∼ 21 per cent at 

 σ sensitivity of 6 μJy beam 

−1 . This VLBI detection rate is in agree-
ent with other VLBI detection fractions such as the 20 ± 1 per cent

t 1 σ sensitivity of 10 μJy beam 

−1 in the VLBA COSMOS surv e y
Herrera-Ruiz et al. 2017 ), 20 ± 0 . 3 per cent at 1 σ sensitivity of
0 μJy beam 

−1 in the mJIVE project (Deller & Middelberg 2014 ), 
nd the 20 + 5 

−4 per cent at 1 σ sensitivity of 55 μJy beam 

−1 in the 
handra deep field south (CDFS) surv e y. 

.7 AGN variability 

/11 VLBI sources, J153419 + 291359, J153406 + 292056, and 
153342 + 291625 remain undetected in VLASS (see Section 4.4 ).
or a VLBI source to be detected in VLASS, we assume that the
eak brightness must be > 5 × the local rms in VLASS. With a
ms sensitivity of ≈ 120 μJy beam 

−1 , the source peak brightness 
ust be > 600 μJy beam 

−1 for a detection in VLASS. All the
/11 VLBI sources with VLASS counterparts have peak brightness 
 600 μJy beam 

−1 in VLASS. Since all 11 VLBI sources are 
etected in the e -MERLIN image, this non-detection in VLASS can
e attributed to either variable compact cores or steep spectral indices. 
ttributing this non-detection to variable compact cores, this could 
e due to the increase in fluxes as both the VLASS and e -MERLIN
bservations were carried out at different times, with the e -MERLIN
MNRAS 519, 1732–1744 (2023) 
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M

Figure 8. The source J153354 + 291431 shows two bright compact cores on the VLBI image (NOTAPER and TAPERED), which are located within a double- 
lobed structure indicating the presence of highly collimated radio jet structures at galactic scales in both the VLASS and the e -MERLIN images. The VLASS 
image shows three unresolved sources at (a), (b), and (c) which correspond to three e -MERLIN sources (PC 409, 410, and 411, respectively). Whereas the source 
at point (b) remains faint and compact in e -MERLIN, the sources at points (a) and (c) are resolved out revealing extended radio emissions with edge-brightened 
outer lobes showing some hot spots. The faint component (b) is coincident with the centre of the host galaxy in both VLASS and e -MERLIN. On the other 
hand, VLBI completely resolves out these outer lobes and hotspots, but only partially resolves the faint component (b) to reveal two bright compact cores in 
the notaper image. These two VLBI cores are separated by ∼ 130 mas corresponding to ∼ 1 . 1 kpc, which is well within the 2.5 kpc orbital separations between 
paired supermassive black holes proposed by Burke-Spolaor ( 2011 ). The fainter (northern core) is detected at ∼5.5 σ and the brightest (southern core) is detected 
at ∼18.4 σ . In the tapered image, the fainter northern core remains undetected, whereas the brighter southern core is detected at 14.7 σ . The distance between 
the two lobes in e -MERLIN is ∼46 . ′′ , translating to a linear size of ∼ 0 . 4 Mpc, assuming z ∼ 1.25. 
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bservations taking place ∼4 months after the VLASS observations.
 or e xample, when comparing the first epoch of VLASS (2017–
019) to the FIRST surv e y (1993–2011), Nyland et al. ( 2020 ) show
lmost a 10-fold flux increase in flux for sources co-located with a
nown AGN and their results indicate that the slow transient radio sky
s dominated by emission mostly attributable to AGN variability, with
ariability time-scales of a ∼ few months. Furthermore, variability
tudies of the faint μJy radio source population using high radio
esolutions and multiwavelength observations have revealed that
lmost all sources sho wing v ariability are AGN (e.g. Radcliffe et al.
019 ; Sarbadhicary et al. 2021 ). ∼3 per cent of our sources exhibiting
otential variability, is in agreement with the short-term variability
tudy of the variable μJy radio sky of Radcliffe et al. ( 2019 )
ith 3 per cent of their sources exhibiting AGN-related variability.
urthermore, in the CHILES VERDES study of radio variability in

he COSMOS field, Sarbadhicary et al. ( 2021 ) showed that no star-
orming galaxies exhibited any significant variability and therefore
ttributed all their variability to AGN. From our surv e y, we further
ote that a majority (2/3) of these sources potentially exhibiting
ariability are faint VLBI sources detected at 5.5 σ and 5.2 σ . At the
ensitivity and spatial scales reco v ered in this surv e y, we e xpect to
apture pure AGN emissions and therefore, useful in further probing
ariability as a powerful diagnostic tool for AGN classification.
e aim to carry out a similar surv e y with the e -MERLIN and the

VN + e -MERLIN probing both short and long-term variability in
hese radio source populations. 

 SE RENDIPITO US  DISCOV ERY?  

he source J153354 + 291431 shows two compact VLBI cores in the
otaper image and one compact VLBI core in the tapered image
hat are located within a double-lobed structure in both the VLASS
nd the e -MERLIN images as shown in Fig. 8 . The fainter (northern
NRAS 519, 1732–1744 (2023) 
ore) is detected at ∼5.5 σ in the notaper image only, while the
rightest (southern core) is detected at ∼ 18 . 4 and 14 . 7 σ across
oth the notaper and tapered images, respectively. The double-lobed
tructures are well aligned in the north-east and south-west direction
cross both images, indicating the presence of highly collimated radio
et structures at ∼ galactic scales. In the e -MERLIN imaging, the
ouble-lobed structure reveal extended radio emissions with edge-
rightened lobes showing some hot spots. The two lobes have a
eparation of ∼46 arcsec in e -MERLIN, translating to a linear size
f ∼ 0 . 4 Mpc, assuming z ∼ 1.25. The unresolved fainter middle
omponent, component (b) in Fig. 8 , is coincident with the centre of
he host galaxy in both VLASS and e -MERLIN. VLBI completely
esolves out the outer lobes and partly resolves the fainter middle
omponent to reveal two bright compact VLBI cores separated by a
istance of ∼ 130 mas ( ∼ 1 . 1 kpc, assuming z ∼ 1.25) in the notaper
mage. This separation distance is well within the 2.5 kpc orbital
eparations between paired supermassive black holes proposed by
urke-Spolaor ( 2011 ) and 1 pc–100 kpc of De Rosa et al. ( 2019 ). 
The VLASS surv e y is designed to identify such dual AGN at

eparations < 7 kpc and binary supermassive black holes within
ngoing mergers (Burke-Spolaor et al. 2014 , 2018 ). The VLASS
urv e y detected all the three unresolved components within this
ystem, components (a), (b), and (c) in Fig. 8 , which was useful in
ur host galaxy identification. The e -MERLIN observations on the
ther hand resolve out the extended radio emissions revealing edge-
rightened outer lobes with hotspots and are therefore important
or probing active radio galaxies in which accretion on to the
entral SMBH generates relativistic jets resulting in large-scale
nvironments as is the case with this source (e.g. Croston et al.
019 ; Hardcastle et al. 2019 ; Mingo et al. 2019 ). VLBI observations
ompletely resolve out all the extended emissions associated with the
ost galaxy, and partly resolves the faint middle component revealing
he two compact cores at the centre of this galaxy. This shows that,
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ven at the smallest orbital separations, mas resolutions provided 
y VLBI are perfect for exploring and identifying dual AGN or
inary SMBHs, particularly within merging galaxy systems which 
re otherwise difficult to identify as double systems as evidenced 
ere. This amplifies the importance of VLBI in the study of binary
ystems in post-merger galaxy systems (e.g. Van Wassenho v e et al.
012 ), stalling in binary black holes in the intermediate stages,
esides providing statistical estimates of the rate of SMBH inspiral 
t various phases (e.g. Burke-Spolaor 2011 ; Arca-Sedda & Capuzzo- 
olcetta 2019 ; Mingarelli 2019 ). 
This source is a possible paired SMBH candidate, in a massive 

 ∼ 0 . 4 Mpc in size) radio-loud A GN (RLA GN) system. This possible
erendipitous disco v ery is unique but not entirely unexpected, as
hown in similar high-resolution VLBI disco v eries. F or e xample,
pingola et al. ( 2019 ) found two unexpected gravitational lensing 
andidates within the wide-field mJIVE-20 surv e y (Deller & Mid-
elberg 2014 ). These two candidates can be used to constrain the
ubhalo mass function which in turn influences the constrains of the 
osmological parameters and galaxy formation models (Spingola 
t al. 2018 ). Herrera-Ruiz et al. ( 2017 ) also finds two unexpected
inary SMBH candidates within the VLBA-COSMOS surv e y. We 
im to propose an even deeper follow-up surv e y to confirm the
ature of this source (following e.g. Deane et al. 2014 ; Breiding
t al. 2022 ) and to further probe phenomena such as merger-induced
BMH growth with simulations predicting a peak in the growth rate 
t 1 –10 kpc (Van Wassenho v e et al. 2012 ) and 0 . 1 –2 kpc (Blecha,
oeb & Narayan 2013 ). 

 C O N C L U S I O N S  

e have presented a direct view of AGN in the host galaxies and the
hysical interplay between SF and the nuclear activity through a mul-
iresolution ∼ 10 –100 mas high dynamic (9 pc–0.3 kpc at z ∼ 1.25) 
iew of a moderate sample of galaxies. We detect a total of 11 VLBI
ources at > 5.0 σ from 52 potential sources based on the e -MERLIN
urv e y of the SPARCS-North field. These EVN + e -MERLIN
ata provide the radio flux densities and morphology information 
equired to isolate pure AGN from SF processes within individual 
alaxies. Despite the small sample size, this information reduces the 
ystematic uncertainties by quantifying the AGN contributions to 
e subtracted from calculations of SF based on radio continuum. In
rinciple, this surv e y permits the inclusion of galaxies with AGN
osts which would normally be excluded from such calculations, 
s evidenced by sources J153419 + 291359, J153406 + 292056, and 
153354 + 291431. This is absolutely necessary if we are to obtain
he tightest ever constraints on the SF measurements and to resolve 
ut the total contribution of AGN to the cosmic SF history of the
ost galaxies (e.g. Macfarlane et al. 2021 ). 
At spatial scales of ∼ 9 pc, the sources show little to no jet

tructure whilst at ∼ 0 . 3 kpc one-sided and two-sided radio jets
tart to emerge on the same sources, indicating a possible transition
rom pure AGN emissions to AGN plus SF systems. The arcsecond 
patial resolutions offered by the e -MERLIN and VLA are important 
n identifying the host galaxies within this faint ( μJy ) radio source
opulations, the VLBI on the other hand has a selection bias 
owards high temperature brightness > 10 5 K and therefore sensitive 
o compact emissions mostly indicative of AGN. This arcsecond- 
LBI combination fa v ours systems aligned to the line of sight,

hus providing a one-sided jet view. This is expected if the jets
ere moving at relati vistic velocities. Ho we ver, any entrapment of
aterials in the nuclear region results in the disruption of the flow of

hese jets, decelerating the jet plasma which results in the appearance 
f two-sided jets. The intermediate resolutions offered by this surv e y
n scales of parsecs to a few sub-kpc, offer an insight into this
rocesses where the source plasma is slowed down in the surrounding 
edium resulting into double-sided jets. 
Advances in the wide-field VLBI technique and its application 

pens up possibilities for new disco v eries of important astrophysical
bjects at mas scales, o v er wide areas. An increase in the sensitivity
f radio surv e ys and the increasing ability to probe the dynamic radio
ky at VLBI ∼ mas scales, will directly probe the missing population
f dual-AGN and binary SBMHs. The SKA-VLBI will play a crucial
ole in these probes. The European VLBI Network and e -MERLIN
re key players in these surv e ys since the angular resolutions provided
y the EVN + e -MERLIN array, and the reco v ered spatial scales,
ill not be matched until SKA Phase 2 (SKA-VLBI). This EVN + e -
ERLIN surv e y of the SPARCS field provides a much needed source

lassification training set for the near-future deep-wide-field VLBI 
urv e ys with instruments such as the MeerKAT and the SKA. 
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