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LOFAR: 
Building a Flexible and Responsive 
Radio Telescope for Pulsars and Transients

Vlad Kondratiev (ASTRON)
and LOFAR Pulsar Working Group
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Outline:

✔ LOFAR – where and whats
✔ Observing capabilities
✔ Towards aperture arrays (paving 
the road to SKA)
✔ LOFAR and timing
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LOFAR across Europe

40 Dutch 
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LOFAR in NL

24 Core + 16 Remote Stations

van Haarlem et al. (2013)



  

~ ~

~

GWADW2013, Isola d'Elba — May 21, 2013



  

GWADW2013, Isola d'Elba — May 21, 2013

LOFAR

Hassall
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LOFAR High Band Antenna 

Old design
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LOFAR

Hassall
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LOFAR Low Band Antenna 
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Hessels Covers the 4 lowest octaves 
of the radio window

LOFAR  in  EM
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LOFAR's Enormous Frequency Range
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Element beam Stations beam(s) Tied-array beam(s)

Flexible Beamforming
(sparse aperture array)
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Evolution of LOFAR's sensitivity
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≠
Arecibo LOFAR



  

24 
Dutch Core

Stations

Subarraying
(customize your own telescope)
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16 
Dutch Remote

Stations

9 
International

Stations

Hessels



  

LOFAR Multibeaming
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Multiple, widely separated FOVs
@28MHz
BW=8MHz

Hassall
Hessels
Stappers
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See Mol & Romein 2011 for multi-beam tied-array benchmarking results

Hessels
Stappers
Scaife
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~2.5˚
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Simultaneous Imaging + Pulsar observations

Heald
Alexov
Hessels
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Stappers et al. 2011, A&A, 530, 80
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Localizing LOTAAS Sources

and also localize transients
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Towards the SKA
✔ SKA will ultimately find all ~20,000 MSPs in the Galaxy, revealing 
even more exotic systems (e.g., subMSP, MSPBH).

✔ Need fo subarraying: logistics of timing thousands of sources 
and achieving the best timing precision.

SKA Low (50 – 600 MHz) SKA AA (300 – 1500 MHz)
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Cordes & Shannon (2010)

Timing with LOFAR?
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LOFAR MSP Detections
(110–190 MHz)

J0034-0534 J1810+1744 J2145-0750
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The LOFAR Weather Report
Hemberger & 
Stinebring (2008)

✔ 1 ms scatt. at 140 MHz is 100 ns scatt. at 1400 MHz

✔ 1 μs scatt. at 1400 MHz is 10 ms scatt. at 140 MHz

✔ Do LOFAR DMs/Scatt. agree with those at highfreq?



  

DM variations

J0034–0534

● Provide LOFAR ''ISM Weather'' report
● Independent DMs to compare with high frequencies 
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Summary:

✔ LOFAR is revolutionary telescope operating at the 
very low radio frequencies with great observing 
capabilities.

✔ LOFAR is showing that SKALow can be a powerful 
pulsar/transient survey machine.

✔ LOFAR will provide ISM «weather report» for the 
pulsars' lineofsights that will improve highfrequency 
timing.
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