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Star-fiormation; at highr reashifit
e-MERILIN
Originall MERLIN"+ VA combination: studies

Developments frem the originall stidy: of: GOODS-N
StatiSulCal PHOPETHESIOf thE aHIor SOUCE PEPUIation e arieW LB,

Iihe proposed new: tltra-deepr e-MERLIN + EVICA study: of
the GOODS-NHfield (e-MERGE Survey)

Imaginel theradiorSOURCE POPUIaLIoNTte; affieWiuoy,




Star=formation at Highr Redsniiit

1.4 GHz Source Counts
1000 P

HDF (N) o FIRST

ATESP

& ELAS

* HDF
# PDF
& VIRMOS

10 100 1000

S (mJy)

\

— :
| At flux densities <1mly (1.4GHz) there is an
emefging pdpulation of faint radjo sources that
'| ‘are dominated by distant star -forming galaxres

However there is- contlnum!_:] debate as to the
nature of any underlying, p035|bly dbscured A@N
population present in the ply radio sources. -

+ Richards, Owen, Romalont, Kellermann, Wmdhorst\ Smo&(c Yun, Biggs, #
Seymourp JarV|s Chapman McHardy Norris, Garrett Mu xlow:...,..

oF0r those obects with
measured! redshifts,
centimetric radio and far-IR
lUminosities are two off the
pest extinction-firee
mEeasures off star-fiormation
rate at high: redshifit.

sRadio observations off the
sub-mJy: radio SOUrce

- population cani thus be; used

to study hew! the star-
fermation density varies

| withicesmic epoch?

oS oW ERES AGINSSCUIVILY,
(feeaback) efifect star=
fermation; ?

s\\/lnat IS/ the nature of the
ANt AGN populatien; ?
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nvestigate the deta]Jed nat

Star=formation| processes a’md 7o)
nvestigate feedback Mecmnanismsiand
separate tihe AGNIand starburst

emission In Individugal galaxies.

Dark Energy
Accelerated Expansion

Afterglow Light

Pattern  Dark Ages Development of

Galaxies, Planets, etc.

about 400 million yrs.
Big Bang Expansion
13.7 billion years

Z~5




e-MERICIN'— extending the EVLEA resolution

= WHEerR OPSEVIG at HIGHE IreqUERCIes IS g P PropHaIE::

) telescopes Optica-l fibre connection to_tel_escopes
17— 20km L FEPIACING narrew-band fadio inks.

New WIDAR: correlator.
x 2GHz/pol (C & K), 400MHz/pol (LL).
An
. Datal rate 128Mb/s/tell=> 30Gb/s/tel.

Sensitivity = 1 pdy/bm in 18hrs
( ~ 30 over current system).

MES produces fullf zy-coverage.

Resolution: 200mas L-Band
50mas C-Band




e-MERICIN'— extending the EVLEA resolution

= WHEerR OPSEVIG at HIGHE IreqUERCIes IS g P PropHaIE::

7 telescopes Optica-l fibre connection to-tel_escopes
17— 20km L FEPIACING narrew-band fadio inks.

New WIDAR: correlator.
% 2GHz/pol (€ & K), 400MHz/pol (L).
An
. Datal rate 128Mb/s/tell=> 30Gb/s/tel.

Sensitivity = 1 pdy/bm in 18hrs
( ~ 30 over current system).

MES produces fullf zy-coverage.
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OriginalfMERILINE-VICATDeep: [-Band Studies

[Deep integrations onia number of fieldsi (eg SA-13), Lockman, HDE-N).
Correlator limitations| restrict fields; off view: (typically: 10rarcmin; diameter)

Resultant combination! imades with reselutions) 200-500 mas and noise
levels of 31 - 6dy/bm




OriginalfMERILINE-VICATDeep: [-Band Studies

Hubble Deep Field North, ~100 radie sources were imaged above a
completeness limit of 40udy. Data date firom mid 905
IMuxiow: et al 2005]

Established that high-resolution; combination| I--Band MERILLIN/VLA
observations can morphologically: distinguishr AGN frem: starburst systems

Below: ~70udy the radio population
becomes deminated by powerdiul I e lo s
star-formingl galaxies typically at
z<1.5 and with SF rates of many. ®
times those seen in nearby: star-
ferming galaxies
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OriginalfMERILINE-VICATDeep: [-Band Studies

Hubble; Deep Field North, ~100 radie sources were ima,ged above a
completeness limit of 40udy. Data date firom mid 905
[Muxiew: et al 2005]

Established that high-resolution; combination| I--Band MERILLIN/VLA
observations can morphologically: distinguishr AGN frem: starburst systems

Below: ~70udy the radier pepulation e e T =
becomes dominated by powerdiul e o Y 1;‘;;?
star-forming galaxies typically at Y| | Ev2s o °
z<1.5 and with SF rates of many. ( ;':tr;';?g:?:';ld;: Xray | = 9@,
times those seen in nearby: star- " | T IR
ferming galaxies P >

“ C

Around! 15% ofi the population lig; at D i
higher: redshifits, many: off which are
alsoridentified as; sul-mmi SOUrces. | R
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Some of the most luminous starburst P T N AR

systems alsorshow: evidence; fior Yo @

: ; B
9 . -~ | e }
OwerfUI errlbedded AGN 12 35 52.4 sz.2 sz.@ 51.8 S1.6 S1.4 s1.z2 siL.@ s8.8
aaaaaaaaaaaaaaaaaaaaaaa




RECERt Developments

From fullfcombination imaging of the 8" overlap region
withi GOODS-N, radio emission at the level off a few uly.
hasi been statistically: detected! associated with ACS
galaxies; brighter than a z-band magnitude of 26

Identified as extended starburst systems with
average properties similar to those: star-forming
galaxies| studied individually: at higher filux densities

Averagde) source diameters:
12— 1.6 arcsec

N
o

Flux density (micrody)

Radio emission within 2.0” radius
of 13030 z-band galaxies
— excluding bright sources and

close galaxy pairs
Muxlow et al 2007
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New: Ultra-Deep: Study: off GOODS-I\

Part off a tiered e-MERLIN! Legacy’ proposal — the Survey Is
designed tos study the formation and evolution of star-forming| galaxies and

AGN out to redshifts > 5 : :
All tiers will

— The lini calaxy: =volutiom Survey require matched
EVIA data

ier 01— Imaging radlo) Emiss/on o normal galaxies out to. z.~ 5
Blgge) irlzlgllrle) sigatilel eltsiars te) Llige dprldliflezldor) oY 125l

lier dl — A very, deep)directed survey. or: the Uy radio) SOUrce population.
Blgge) [rrzlgliile) OF e L relelio Satjres geggifzlder) i) GCICES=]Y

llier 2 — A réeliablercosmiic census; or: starburst and AGIN: populations
Mt elgeir) Ierkzleliriel OYEr -z flliaar oF felds (foiz)f zifgz) a2 2 Sef, cleejredes)

Tihe combination off these! tiers willfensure a full
sampling| off the active andlstar=fiorming galaxy
fadior luminesity fiunction; out to z~5

>60 CO=Is from 9 countries

e 0 IanrSmail [Duramy, ez iempMuxion
IManehesteriier 2: Ian McHaray [Seuthampten|

~2400 hours off e-MERLIN time proposed




New: Ultra-Deep: Stuady. off GOODS-N

Jjo image the faintest radio starburst galaxies and AGN systems in the

GOODS-N region which to;date have only been studied statistically
— designed to directly: address the follewing key science drivers:

= o extend the star-fermation (SE) density: histery to redshifts >5 and thus
trace; the evoelution of star-fiermation through cosmic time.

= Jjo determine the contribution off AGN to: activity ini the distant galaxy
population and separate, AGN from) starbursts by: high' reselution multi-
freguency: ebservations.

= [0 investigate the role of AGN in driving and controlling the SE processes

= [0 statistically: eharacterize the, nature; ofi the sub-pdy: radior population — the
target objects for the SKA




New: Ultra-Deep: Study: o GOODS-IN

e-MERLIN will' exceed the depth ofi the existing MERLIN combination map
N just: 24 heurs of en-source Integration.

.-Band: Single pointingl centre, 20 fulll tracks including| LLovell‘telescope.
Central 10 arcminute field 1o ~ 500n]y/beam
Outer 30iarcminute; field 1e; ~ 1judy/beam

Addingmatehed EVIEA
A=y Cata O FECOVET:
SEUIEE SuUCLUKRES

>3.5 arcsec:




New: Ultra-Deepr Stuady: off GOODS-N

e-MERLIN will' exceed the depth ofi the existing MERLIN combination map
N just: 24 heurs of en-source Integration.

.-Band: Single pointingl centre, 20 fulll tracks including| LLovell‘telescope.
Central 10 arcminute field 1c ~ 550nJy/beam
Outer 30rarcminute; fieldl 1e; ~ 700ndy/beam

ci"— Originalf study: 18l tracks
+42 hourst VLA A=array 0

Central 10 areminute field only:
1o ~ 3.3 ply/beam

~ 100 sources >40Jy




New: Ultra-Deep: Study: off GOODS-N

e-MERLIN will' exceed the depth ofi the existing MERLIN combination map
N just: 24 heurs of en-source Integration.

--Band: Single pointing centre; 20ull tracks. Newitlltiardeen
Central 10 arcminute fieldl 1c: ~ 550nJy/beam CEEENENMEEE
Outer 30iarcminute; fieldl 1e; ~ 700ndy/beam

e-MERLINH-EVLA will image

~850 Individual starburst ana
AGNIwiIth an angular reselution a00)
of 200 mas, complete tor ~3udy. "‘

(>10 times deeper than the original study)

850
In the surrounding 800 sguare

arcmins, e-MERLINAEVLA will
iImage; ~2500 star-ferming
dalaxies and ~1200 AGN
prighter than; ~6uJy

OUKGE; populations
firem Wilman' et al 2008

>50x increase in source numbers, !




New: Ultra-Deep: Study: off GOODS-IN

New: C-Band imagde: 7 pointing centres each with 3/long tracks
Mosaic pattern set for LLovell 3farcminute beam

Inner 6/ 16~ 550nJy/beam
6-10" 1o ~ 470nly/beam
Resolution' 40 mas

L S
£ i i

Vatched™ E-Banad
EVIA data adds short-
SPACINERIVACOVEEUE
L0 FECOVERHE VER
eavilyAreseiVedNEdio
stiructures With sizes
> 1.2 arcseconds




New: Ultra-Deep: Study: off GOODS-IN

The ultra-deep C-Band combination image will:

Map the star-forming regions in great detail (for the brighter starbursts)
Separate and disentangle the AGN and starburst components of emission

Study the role that the AGN play in controlling star-formation via feedback
- on sub-kpc scales

Produce total intensity and spectral mapping across each detected system

Ultra-deep combination imaging at both L-Band and C-Band with noise
levels ~500nJy/beam or lower will permit a statistical study of the very
faint nJy radio source population — these are the target Sources for SKA

SHUCGURESIWITAISIZES
S arcsetonas

~
S e




ler 1 — GOODBS-NISUmmany.

Combination L-Band images for several x 10° individual sources acress a
30" field complete to a few pdy withi 16 ~ 500nJy/beam (200mas).

Combination C-Band images for ~250 individual sources, in the inner: 10
field, again with: 1e: ~ 500nJy/beam (50mas).

Statistical investigation off the; nly: pepulation: from! galaxy: stacking.
Jihese will'be large datasets.
AllFcontinlumi iImages! are wide-field continuum; Images.

For the EVILA andl e-MERLIN ultimate sensitivity requires Righ-dynamic
iandel imagde subtraction off ConfSINg SOUICEs O edge of primary. beams

e-MERIEIN should bENURNNG at Close o iUl speciiicationtinrommid 2010
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The basic observing capabilities of e-MERLIN are summarized below

Observing Band

C

K

Comments

Resolution (mas)

150

40

12

Uniform weighting at central frequency

Field of View
(arcmin)

30

7

2.0

FWHM of 25-m dishes; reduced when Lovell
Telescope included at L.C-band (1)

Freq. range (GHz)

22-24

Bandwidth (GHz)

Max. bandwidth per polarization. Can use 4
GHz bandwidth, single polarization at C-and K-
band

Sensitivity plJy/beam
(full imaging run)

Final performance will depend on useable
bandwidth, final receiver optimization, Lovell
Telescope performance. These figures are for e-
MERLIN with the Lovell Telescope (1)

Surface brightness
Sensitivity (K)

As above

A strometric
performance
(mas)

Wit the ICRF (typical 3 degree target —
calibrator separation using VLBA Calibrator
Survey sources)

Day-to-day repeatability using surveyed
or in beam sources, and assuming full imaging
run

Amplitude
Calibration

Targets for day-to-day repeatability.

Notes

(1) The Lovell telescope may be included in e-MERLIN and L and C-band. Its inclusion
increases the sensitivity by a factor of between 2 and 3 and reduces the field of view to
approximately 20/(v/1.4 GHz) arcmin, depending on the data weighting scheme adopted.




