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Whrer is LOFAR?
the Netherlands : 48 
Germany : 5(6) 
England :1 
France : 1 
Sweden : 1 
Poland : (3) 



The LOFAR stations
Cosmic Magnetism	

Cosmic Rays	

Epoch of Reionization	

Extragalactic Surveys	

Solar Physics	

Transients



LOFAR Dipoles

LBA dipoles (10-90 MHz) HBA dipoles (110-240 MHz)



Beamforming

target 1 target 2



LOFAR Superterp

340m

LBA dipoles (10-90 MHz)

HBA dipoles (110-240 MHz)

A particle detector unit



HBA Beamforming 
(110-240MHz)

HBA station beamHBA tile beam 
(4x4 HBA antennae)

HBA station   
combined beam

B. W. Stappers et al. A&A 2011	




Simultaneous Observations

target 1 target 2

1. imaging 2. timing 3. cosmic-ray events

B. W. Stappers et al. A&A 2011	
 P. Schellart at al. A&A 2013	




Cosmic rays  
with LOFAR

P.Schellart at al. 2013 (Radboud University Nijmegen )

In the first ∼2 years of observing, 
405 cosmic-ray events in the 
energy range of 1016 −1018 eV 
have been detected in the band 
from 30−80 MHz

Already in the 1960s it was proven that cosmic ray-induced air showers emit 
nanosecond duration pulses with significant power in the MHz radio frequency 
range (Jelley et al. 1965; Allan & Jones 1966),



Radio emission from 
air showers

A particle detector unitLBA dipoles

P. Schellart at al. A&A 2013	




Radio emission from 
air showers

Pim Schellart (Radboud University Nijmegen)	


Polarization patternGeomagnetic Charge-excess



Radio emission from 
air showers



Science

George Heald (ASTRON)

LOFAR MSSS	


Multifrequency Snapshot Sky Survey	




Single station mode 
All sky monitoring

Jana Ko ̈hler and James Anderson (MPIfR) 



Multi-Frequency 
profiles

Aristeidis Noutsos (MPIfR)total linear circular



•A mean value	

!

•A rich variety structure	

!

•A wealth of emission process	

!

•Time-variable plasma processes 
create

Individual pulses
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Pulse phase!
0.714 (s)

-1.4±0.1



LOFAR's Applicability 
 to High Precision Timing

•In high-precision timing, the 
biggest problem is variations in 
DM. 	

!
!
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• LOFAR works at lower 
frequencies, which can make 
these measurements much more 
accurately and can measure DM 
variations at a much more precise 
level.

Measurements of interstellar dispersion!
 to the pulsar J2145‐0750.

Courtesy: J.Verbiest (MPIfR)

The Universe is filled with a 
background of gravitational waves. DM = ne dl0
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Andrew Siemion - UC Berkeley / ASTRON / Radboud

Advanced 
Intelligence



The first discovered pulsar 
CP1919

Jocelyn Bell & Antony Hewish

Nobel Prize in Physics in 1972



Public Outreach 
(brainwashing kids into Astronomy) 

circular!linear!total!

Our group has been involved in public outreach, organizing lectures at schools, where the general 
public was given a chance to perform pulsar observations with LOFAR. The young students were 
excited to see the profile of  the first discovered pulsar CP1919, in 30 seconds of  LOFAR data.
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