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Survey project

• Telescope design

• Survey design 

• Data reduction

• (optical/IR) follow-up 

• Scientific impact

images have only 3 arcmin resolution, 
 NL array has 5 arcsec resolution…
Courtesy: Ger de Bruyn+EOR team



Telescope design• Angular resolution

• resolve object for study

• ~1 arcsec position accuracy 
for id’ing

• Calibratability

• enough flux in coherence 
volume

• good UV filling

• Good sampling ionospheric

• Spectral range and resolution

• RFI rejection

• magnetism, recombination 
lines 



Survey design
Science drivers + models luminosity functions

1. The highest redshift radio sources - George Miley: 
~100 at z>6 

2. Distant starforming galaxies: Philip Best 100 
protoclusters at z>2

3. Clusters and cluster halo sources - Brüggen/
Brunetti: 100 @ z>0.6; 60 nearby clusters

4. AGN at moderate redshifts - Philip Best

5. Gravitational lensing - Neal Jackson 

6. Detailed studies of low-redshift AGN - Raffaella 
Morganti 

7. Nearby galaxies - John Conway/Krzysztof Chyzi

8. Cosmological studies - Matt Jarvis/David Bacon

9. Galactic radio sources – Marijke  Haverkorn/
Glenn White

Survey parameters

1. Area

2. Depth

3. Frequencies

General use

1. Magnetism

2. Longbaselines

3. Recombination lines

4. Transient searches



EMU

LoTSS: 48 MHz bandwidth (120–168 MHz), 16ch/sb and 1 s 



Data reduction Challenges

• Data rates of  up to 
a Tb/s

• Radio interference

• removal of bright 
sources in sidelobes

• Timing of the 
stations clocks

• Ionosphere

• Beam calibration

• Wide-field 
mapmaking

• Grid enabling



van Weeren, Williams, Shimwell, Tasse, Hardcastle, Dijkema, van der Tol, 
de Gasparin, Offringa, Intema, Morabito, Mevius, Mechev, Oonk and many 
others…..



HBA Tier-1
LoTSS
Shimwell et al. 



15 years earlier

WENSS survey 
330 MHz

Ger de Bruyn





LOFAR observations of the Sausage -

10

Field image with CasAField image with CasA

● CasA skymodel: 69MHz, 10”
(Reinout van Weeren)

● Data resolution: 64ch, 1s
● Time step: 4s
● Freq. step: 16ch

CygA

30 deg

Sausage 
cluster

20 deg

8 deg







L O F A R @ 150 M H z : t h e S a u s a g e c l u s t e r

This is the first sensitive, wide field, LOFAR
image at 150 MHz. It contains more than 5000
radio sources in an area about 10 times the size of
the full moon. The majority of the resolved sources
are galaxies that contain an active massive black
hole which is producing powerful jets of relativistic

10 arcmin

This is the most sensitive image of the Sausage field
observed with LOFAR High Band Antennas at 150 MHz.
The Sausage cluster shows two opposite giant relics (in
rainbow) which were created through galaxy cluster
mergers. The collisions also heat up the intra-cluster gas
to extreme hot plasma capable of emitting X-ray
radiations (Chandra data by Ogrean et al. 2014 in green).
These locations are where cosmic particles (e.g.
electrons) are accelerated to extremely high energy. The
other resolved sources are mostly radio galaxies hosting
an active massive black hole. In the cut-out Sausage
image, the optical background (Subaru & CFHT data by
Dawson et al. 2015) shows light from galaxies and stars.

Image credits: Duy Hoang (Leiden), Tim Shimwell
(Leiden), Andra Stroe (ESO), Reinout van Weeren
(Harvard) and Huub Röttgering (Leiden) for the LOFAR
survey team.















Tier2/3 status
• HBA data famous fields

• Goods North — ~60 hours

• Groth Strip — existing just cycle 0 (~10hrs), 
cycle 2 (6x8hrs) — total ~58hrs 

• Herschel ATLAS — existing just cycle 0 (~10hrs) 

• Bootes — ~100hrs 

• Lockman — ~66hrs 

• Elias-N — 200hours 



Bootes central noise levels: 
40 microJy 



EMU

factor  
of ~2 off

YES

Likely yes

LOFAR2.0

Maybe

~YES



Characterization
• classifying of radio sources

• classic source finder 
(pybdsm) + visual 
inspection (Williams et 
al. 2016) 

• machine learning 

• id’ing 

• phot-z’s (Duncan et al. 
2017) 

• characterisation

• mass, sfr, environment, 
accretion mode Duncan et al. 2017



Radio Continuum
WEAVE-LOFAR  
Huge spectroscopic survey using 
WEAVE multi object spectrograph on the 4.2 WHT La Palma
Start: 2019

Wide (up to 10,000 deg2)

Three tiers: 
complete picture of SF and AGN co-

evolution.

Mid (1,250 deg2)

Deep  
(~100 deg2)

Targets > 100 uJy; ~50% of all time

Targets > 1 mJy; ~25% of all time

Targets > 10 mJy; ~25% of all time 

Find z>6 radio galaxies for LOFAR 
21 cm absorption spectroscopy

Current fibre hour envelope:  
1.6 million



Results in all areas!
Science drivers

1. The highest redshift radio sources - George Miley: 
~100 at z>6 

2. Distant starforming galaxies: Philip Best 100 
protoclusters at z>2

3. Clusters and cluster halo sources - Brüggen/
Brunetti: 100 @ z>0.6; 60 nearby clusters

4. AGN at moderate redshifts - Philip Best

5. Gravitational lensing - Neal Jackson 

6. Detailed studies of low-redshift AGN - Raffaella 
Morganti 

7. Nearby galaxies - John Conway/Krzysztof Chyzi

8. Cosmological studies - Matt Jarvis/David Bacon

9. Galactic radio sources – Marijke  Haverkorn/
Glenn White

General use

1. Magnetism

2. Longbaselines

3. Recombination lines

4. Transient searches



Evolution radio-IR correlation

Calistro-Rivera et al. 2017



z = 6.12 Radio Loud 
QSO as seen in Bootes 

field

Williams, Retana, Saxena, Duncan

McGreer et al. 2006

Simulated 21cm absorption features in 
radio continuum

Carilli et al. 2002



A1914: Jit Mandal et al. in prep
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