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With input from:
Rob Beswick, Alastair Thomson, Nick Wrigley, Jack Radcliffe:

Census of high resolution radio telescopes use for star-formation & feedback

Concentrate on:

Deep wide-field imaging of star-formation and AGN feedback across cosmic time
JVLA +e-MERLIN + EVN in the SKA Era (e-MERGE + EG0O78 as an example)

How spectral properties of SFGs influences what you see with radio interferometers
The need for low-frequency radio imaging on the 10 — 300mas scale size range

Integration of EVN into other interferometric arrays for seamless imaging of radio
structure of angular scales of arcseconds to milli-arcseconds

— The future role of the integrated EVN on the study of SFGs and low-luminosity
AGN across cosmic time
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A Quick Census of the Subject NETWORK

NASA ADS search : (abs:"EVN" or abs:"VLBI" or abs:"VLBA" or abs:"e-MERLIN") and (abs:"Galaxy

formation" or abs:"Galaxy evolution" or abs:"feedback")

Increased research usage / publications since 2005
Enhanced imaging & sensitivity: — Instrument of choice
for detailed study of individual sources

- Nearby SFGs + low and high-luminosity AGN systems

Technical + software developments: —Wide-field imaging
+ Integration of VLBI into lower resolution imaging arrays

- Full spatial frequency-coverage > Angular resolutions
selected to address specific science-driven questions

Total publications
Refereed, Non-refereed
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Imaging Star-formation Across Cosmic Time YW
Integrated Imaging — e-MERGE Legacy Project

High resolution high fidelity imaging
Large datasets
High powered computing

Sophisticated software packages

Full integration of wide-field EVN into the
centimetric radio astronomy instruments to

provide seamless imaging from arcsecond to mas
resolution as part of a ‘World Telescope’ to image
the wy radio population across all angular scales

In development

e MERLIN

| umm e-MERLIN+JVLA integration with e-MERGE DR-1 in GOODS-N

IEERKA

— Extending to include EVN with EGO78 to image AGN/jets &

=

T T T S M TI A TIR feedback from faint AGN embedded within SFGs...

Angular sensitivity at 1.4 GHz / arcsec
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High resolution high fidelity imaging
Large datasets

High powered computing
Sophisticated software packages
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Angular sensitivity at 1.4 GHz / arcsec
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JVLA + e-Merlin + EVN — In the SKA Era
Integrated Imaging — e-MERGE Legacy Project

NETWORK

BEDT Y
62°30 JVLA & e-MERLIN single pointing centre wide-field datasets .
EG078 — 699 correlation centres surrounding known source
positions in the e-MERGE survey (for computational speed)
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e-MERLIN+JVLA integration with e-MERGE DR-1 in GOODS-N
— Extending to include EVN with EG078 to image AGN/jets &
feedback from faint AGN embedded within SFGs...
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o2 Integrated Imaging — e-MERGE Legacy Project

High resolution high fidelity imaging
Large datasets
High powered computing

Sophisticated software packages

[n development

RO G078 Epoch 1 - 10=8.5ujy/bm
I 32 AGN imaged at mas angular resolution

e MERLIN

_

- e-MERLIN+JVLA integration with e-MERGE DR-1 in GOODS-N
— Extending to include EVN with EGO78 to image AGN/jets &
T AT O (L T T = N AT feedback from faint AGN embedded within SFGs...

Angular sensitivity at 1.4 GHz / arcsec
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JVLA + e-Merlin + EVN — In the SKA Era
Integrated Imaging — e-MERGE Legacy Project
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JVLA L-Band image of WA calts
central 9’ of GOODS-N 10~1.8uy/bm
Full image to 30’ — Most Beam 1.6”
sources ~unresolved

- ‘Finding chart’

~820 detections in inner
15’ field to 50 locally

Sub-arcsecond imaging
can separate AGN-jet
emission from star-
formation. SF-rate
estimates from 1.5GHz
SF luminosity.

Radio is extinction-free
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e-MERGE 1.5GHz
JVLA 1.5GHz

16~1.8y/bm
DR-1 Release: Beam 1.6” °

38 hrs JVLA

127hrs e-MERLIN (25% data)
Archival VLA+MERLIN data
from Muxlow + (2005)
1.06TB data

400Mpixel image (15’ fov)
Beam 280x260mas
10=1.5uWly/bm

AGN population splits into 2
+ EGO78 EVN 72hrs 1.6GHz at low flux densities:
16~5uWy/bm Radio-loud & Radio-quiet

RQ dominate S, ,< 100y

Muxlow, Smail, McHardy,
Beswick, Wrigley, Radcliffe,
Thomson..
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JVLA + e-Merlin + EVN — In the SKA Era
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Integrated Imaging — e-MERGE Legacy Project

248 imaged sources within
central 12’ separated into AGN
and SFGs  Wrigley + (in prep)

: “sr (1.4GHZ) (mly]
Extended CDFS VLA Survey Padovani + (2014)

Flux Density (m]y)

Radio-loud AGN — > mly - classical double structures
<mly - small core-jet structures

. Star-forming Galaxies — Extended emission + nuclear starbursts

Radio-quiet AGN — radio from S-F + AGN activity in other bands
Initially included in SFG classification
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JVLA 1.5GHz
16~1.8y/bm
Beam 1.6” °

EGO78 core detection

500 e-MERGE radio-
selected galaxies with
optical counterparts and
de-blended Herschel
SPIRE photometry
Thomson+ 2018 in prep.

~15% AGN with q;<1.95

5.3 x4.5 mas
o

/
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J123644+621133

Declination (J2000)

[ -
62 1156

e-MERGE 1.5GHz
J123644+621133
S;5=1.29mly
Peak=488ly/bm
Z=1.050 FR-I

1o =1.5p)y/bm
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JVLA 1.5GHz
16~1.8y/bm
Beam 1.6”

AGN

500 e-MERGE radio-
selected galaxies with
optical counterparts and
de-blended Herschel
SPIRE photometry
Thomson+ 2018 in prep.

~15% AGN with q;;<1.95

J123642+621331

e-MERLIN + EG078 epoch 1
Integrated imaging:
Resolution ~1200 = 21mas
ID with faint red object

— Classified as a distant dusty
starburst with embedded AGN
(Waddington+ 1999)

Now identified as AGN-jet
dominated structure

Greyscale:
HST near-IR (F125W)

6213 36

Declination (J2000)

AGN-loud Core-jet Structures
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J123642+621331

i o-MERGE 1.5GHz
Peak=240uwy/bm Bm 280x260mas
7=2.28 AGN

1236428 426 42.4

422 42.0 41.8 41.6 4.4
Right Ascension (J2000)
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Qir=10810[(Li/3.75x1012W) x (Whz'/L; 4644,)] |
JVLA 1.5GHz

16~1.8y/bm
Beam 1.6” °

Radio structure looks
possibly AGN-related,
but no EG0O78 core
detection & e-MERGE
resolves central
component. Q;; = SFG

~85% SFG with g,;>2.05

High Redshift Star-forming Galaxies Lot
& Radio-Quiet AGN Population
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; HST ACS -
[=23.3ma9 Seyfert-2.galaxy iy 4

' ssSOum_s Sy
"1 Radio+IR fluxes = S: F rate) ¥1500 M- o
: \i_ '“50% extended S- F

35.6 35.5 35
RIGHT ASCENSION (J266

e-MERGE 1.5GHz
J123635+621424
S;5=838uly
: : Peak=24ply/bm
EG078 epoch 1 7=2.015 SFG
— Non-detection 1o=1.5py/bm

- Radio-quiet AGN




: starbursts ¢ ' e : B |
t JVLA A+C-array o 255 RS, HST ACS -
Atz >1 ~70% SFGs 10GHz Beam 220mas el 1=23.3m28 Seyfert-2-galaxy; 63
i show nuclear starbursts e le — 572n_]y/bm s AN A N
Muxlow+ (in prep.) X-band fitted size ]
L | # | 380x270mas - ‘
For 15 sources common to both Siocry = 121y
e-MERGE and Murphy+ 2017: W 7
- .| — Detects only a o -
10GHz median LAS~¥170mas —up N “‘ " 2 g™ D !
nuclear starburst = P s R
to 10x smaller than at 1.5GHz . > o N7 30
— Extended emission lost G R B S850um_5 Smly:”
— 10GHz selects flatter spectrum | . ~ ' Radio+R fluxes > S:F rate) ¥1500 M Jyr-
nuclear starbursts at high z : e 5 _ ~50% extended S- F

r Size (arcsec)

VLA 10 GHz Large:

* Kk
*

High Redshift Star-forming Galaxies
& Radio-Quiet AGN Population

The University
of Manchester

Malmaquist bias — High luminosity Murphy+ 2017
SFGs tend to have nuclear
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Padovani+ (2014):
Radio-quiet (RQ) — radiative-mode AGN
Radio-loud (RL)-—jet-mode AGN
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Radio power of RQ AGN evolves ~x(1+z)%> similar to
star-forming galaxies, while the number density of RL
AGN peaks at z~0.5 and then declines at higher z

1.0 1.2 1.4 1.6 1.8
e-MERLIN 1.5 GHz Largest Angular Size (arcsec



EUROPEAN

i**

MANCI—IEF‘.‘ TER

b; The Impact of VLBI Observations on our Understanding of
22 Star-formation Activity and Low-Luminosity AGN Systems
RL AGN: 14 47

Most core-jet AGNs have projected sizes close to or smaller
than that of the host galaxy — but a minority are much larger I

? 4
Why? ,
[
. . . 44
What is the nature of these faint core-jets? I
I
k3
How do these differ from local low-luminosity core-jet systems? e
42 » 1=18.5m elliptical galaxy
z=0.321 Muxlow+ (2005)

3653.3 53.2 53.1 53.0 529 528 52.7 526 52}/

I
I
’I
How are these related to SMBH growth through cosmic time? |
| Beam 500mas
I
|
|
I

03+1-621444

Required Imaging:

Integrated deep EVN + e-MERLIN + VLA
imaging at 1.5GHz with resolutions on
scales from 10 — 300mas — ~10”

078°core detection

—> Image the steep-spectrum jet
emission and constrain its properties as
it transitions from the core to the outer

host galaxy and beyond....

14.7x14.4-mas

WSRT 1.4GHz Garrett+ (2000) Beam 15”
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Star-formation Activity and Low-Luminosity AGN Systems

The University
of Manchester

SFGs:
What is the nature of the nuclear starbursts — only S b HSTACS .51

just resolved by e-MERLIN at 1.5GHz & VLA at 10GHz o 23 Sy Seyfert 2 galaxy
—and resolved out by EVN at full angular resolution?

Are there differences between nuclear starbursts in
conventional SFGs and those containing RQ AGN?

Do conventional nuclear starburst SFGs
contain faint embedded AGN-jets?

What is the nature of any feedback from
AGN activity in the SFG population?

Required Imaging:
Integrated deep EVN + e-MERLIN (+VLA) imaging at
1.5GHz with resolutions on scales from 5 — 200mas

—> Image the nuclear starbursts in detail and search
for any AGN induced feedback in the heterogeneous
SFG population




EUROPEAN

MANCHESTER

* Kk
*

ity

The Universit
of Manchester

*

* *
* *
Ll e

NETWORK

The Impact of VLBI Observations on our Understanding of
Star-formation Activity and Low-Luminosity AGN Systems

Concluding Thoughts...

Full integration of ply-sensitivity
wide-field EVN into e-MERLIN+....
required to:
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Additional Goonhilly antenna for
e-MERLIN together with AVN +
EVN will extend high fidelity deep
wide-field imaging to equatorial
fields with extensive multi-band
coverage and complimentary
imaging from ALMA and the SKA

— Characterise the S-F processes
& AGN activity at redshifts close
to the peak of cosmic star-

formation and investigate
possible AGN feedback
mechanisms in play

Also Required..... - Investigate the faint AGN
core-jet structures at redshifts
close to the peak of SBMH
growth. How do such systems
differ from those seen in the
nearby Universe?

See also posters: o o
SS11 — Nowhere to Hide — Jack Radcliffe Calibration pipelines

963 — Galaxy Evolution — Alasdair Thomson  Standardised calibration
649 —e-MERGE DR-1 —Tom Muxlow Beam models

Imaging pipelines
User support...




