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• 47 operational stations 
completed 

• 38 NL stations, 9 international 
stations 

• 3 new stations coming in Poland
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• 12 % of the northern sky already mapped 
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Activities 
• Survey planning and production (Shimwell) 

• Techniques, also to learn how to deal with SKA 

• Calibration techniques (De Gasperin, Intema, 
Dijkema) 

• Ionospheric simulation (Albert, Mevius)

• Software profiling, grid enabling, speed and 
memory optimisation (Mechev)  

• Identifications, phot-z and id characterisations 
(Duncan)



Science

• The most distant radio galaxies to probe the EoR 
(Miley, Saxena, Retana, Morabito, Stroe, Falcke)

• Carbon recombination lines (Tielens, Emig, Morabito, 
Oonk, Sales-Munoz) 

• Starburst galaxies and proto-clusters (Duncan, Rivera)

• Galaxy (Vink, Haverkorn) 

• AGN feedback and the characterisation of AGN 
hosts (Jansen, Rivera, Williams, Morganti, McKean)

• Merging clusters (Hoang, Shimwell, Intema, de 
Gasparin, Mandal, Donnert, Albert, Wise) 



Challenges
• Data rates of  up to a Tb/s

• Radio interference

• Demixing: removal of A-
team sources*

• Timing of the stations 
clocks

• Ionosphere

• Beam calibration

• Wide-field mapmaking
Antenna 

Three Beams

Station-

Synthesized 



quiet ionosphere wild ionosphere

Ger de Bruyn & LOFAR EoR team 

Note: these images have only 3 arcmin resolution, the NL array has 5 arcsec resolution…





FACET CALIBRATION

• Add back central source(s) 
defining facet
• Phase shift + average
• DDE self-calibration Cycle 

• Add back all sources in facet
• Correct with solutions
• Image
• Subtract updated facet 
model with solutions

• Subtract all sources from data
• Define facet centers

loop over facet



van Weeren etal. 2016



Simulation X-ray gas 
of two colliding 

clusters 

At the shock: particle 
acceleration
with a bit of magnetic field 
this gives synchrotron 
radiation

classification: 
relic radio sources



~ 20 years 
earlier....(Ger 
de Bruyn)
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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



LOFAR@150 MHz: the Sausage cluster

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.



shock properties, magnetic 
fields, particle acceleration, 
turbulence, cluster properites 



Donnert et al. 2016 

Plus merger geometry (2:1 mass ratio, zero impact  parameter 
and time since core passage ~1Gyr 



VLA 4.6 GHz
Carilli et al. 1997

LOFAR 58 MHz, 40 mJy 
(2 times thermal noise, 4.5 hrs obs.)
Resolution: 0.9 * 0.6 arcsec 
Morabito et al. in prep

4C+43.15:  a powerful radio galaxy at z=2.5



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



LOFAR discovers largest carbon atoms outside our 
Milky Way

Carbon radio recombination lines (n~400-500): 
 tracing the cold (~100 K), diffuse (n< 1 cm^3) medium



AGN/starburst studies



WEAVE 1000 fibre spectrograph
on WHT 

• 1 million fibre projects for LOFAR follow-up 
starting in 2018

• Science 

• Star-formation evolution across cosmic history 

• Co-evolution of black-hole and star formation 
- physics of AGN feedback 

• Finding radio galaxies in the Epoch of 
Reionisation at z > 6 

• Three tier survey design

Euclid map 15,000 degrees^2 in o and IR  
for weak lensing and BAOs

Launch 2020


