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1963: 3C 273 

Eerste Quasar



p. 22





























! High-Band Antennas (HBA): 120-200 MHz 

! Tiles each contain 16 dipole pairs and an 

analog beam former; tile signals combined 

to form digital beam
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http://www.astron.nl/~heald/lofarStatusMap.html

24 Core stations: 150 m Ð 3 km 16 Remote Stations: 5 km Ð 90 km

Dutch array



¥ 47 operational stations 
completed  

¥ 38 NL stations, 9 international 
stations  

¥ 3 new stations coming in Poland





¥ Radio interference

¥ Demixing: removal of A-
team sources

¥ Timing of the stations 
clocks

¥ Ionosphere (to Þrst 
order)

¥ Beam calibration

¥ Wide-Þeld mapmaking

¥ Huge data sets

¥ fast algorithms

¥ Grid enabling 

¥ Source Þnding 

¥ Characterisation 
morphologies 

¥ IdÕing 

¥ Photometric redshifts 

¥ Characterisation 

12 Challenges



The Challenge: the ionosphere

Note: these 150 MHz images have only 
3 arcmin resolution, the NL array has 5 

arcsec resolutionÉ





Williams et al. 2016

! 19 sq.deg 

! 120 to 150 uJy/beam 
RMS 

! 6Ó resolution 

! ~6000 sources in the 
Þeld 

! ~3300 within the 
optical region 
 
Months of work! 













DWDD 
21 February 2019

https://dewerelddraaitdoor.bnnvara.nl/media/684220
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Cluster of galaxies

Optical image: 15% of visible mass
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1980: X-ray detection 85% of ÔvisibleÕ mass 

can only be done from space

Cluster of galaxies



Simulation X-ray gas 
of two colliding 

clusters 

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

classiÞcation: 
relic radio sources









L O FA R @ 150 M H z: t h e Sa usage cl uste 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 Ršttgering (Leiden) for the LOFAR
survey team.
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Discovery of a radio galaxy at z = 5.72

TGSS J1530+1049

Saxena+18a

K > 24.2 AB




